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General  Statement 

I  HAVE  THE  HONOR  TO  RETURN  a  report  OH  the  major  activities  and 
accomplishments  of  the  New  York  State  Museum  and  Science 
Service  for  the  year  ended  June  30,  1962.  Our  last  report  went  into 
some  detail  It  covered  the  establishment,  it  outlined  a  policy,  it 
documented  15  years  of  accomplishments  in  research,  it  mentioned 
problems  of  support  and  balance  occasioned  by  outside  grants,  it 
pointed  with  pride  to  the  150  young  scientists  who  have  shared  in  the 
Graduate  Student  Honorarium  program  during  15  years  of  its  opera¬ 
tion,  and  it  stressed  some  long-range  needs.  The  accomplishments 
belong  to  history;  the  problems  are  still  with  us;  and  we  hope  that  old 
issues  may  be  disposed  of  in  future  accomplishments  by  planning  today. 

Major  Accomplishments  of  the  Year 

Five  achievements  overshadow  all  others,  mentioned  in  the  reports 
of  the  scientists  and  of  the  curators,  below: 

L  The  work  of  the  Commissioner’s  Committee  on  Museum 
Resources,  started  last  year,  culminated  in  a  report  presented  to  the 
Regents  at  their  June  29  meeting,  that  was  afterward  printed.* 

2.  The  publication  of  the  Geologic  Map  of  New  York  .  .  .  1961, 
compiled  by  John  G.  Broughton  and  associates.  (State  Museum 
and  Science  Service,  Geological  Survey:  Map  and  Chart  Series 
No.  5,  Albany,  1962.  Map  folio,  5  sheets;  text  5  folio  sheets.  42  pp. ) . 

3.  The  appearance  of  the  first  volume  of  the  Handbook  of  North 
American  Birds,  VoL  1,  Loons  through  Flamingos,  under  the 
editorship  of  Ralph  S.  Palmer,  State  Zoologist.  (Yale  University 
Press,  New  Haven,  1962.  568  pp.,  6  color  plates,  figures  and  maps.) 
This  is  a  continuing  project,  co-operative  with  the  American 
Ornithologists’  Union. 

4.  In  the  Museum,  the  opening  of  the  exhibition  of  the  mammals 
of  Alaska,  through  the  generosity  of  Dr.  and  Mrs.  W.  Brandon 
Macomber  of  Albany. 

5.  The  enhancement  of  the  educational  effectiveness  of  the 
Museum  by  the  conduct  of  Teacher  Workshops,  co-operatively  with 

Report  of  the  Commissioner’s  Committee  on  Museum  Resources,  1962.  (The 
University  of  the  State  of  New  York,  The  State  Education  Department,  New 
York  State  Museum  and  Science  Service,  Albany,  1962.  61  pp.) 
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the  Capital  Area  School  Development  Association,  with  the  assist¬ 
ance  of  funds  made  available  under  Title  III  of  the  National  Defense 

Education  Act. 

Long-Range  Needs 

One  by  one  continuing  needs  have  passed  into  the  realm  of  accom¬ 
plishments;  but  all  of  these  pale  into  insignificance  as  compared  with 
the  major  need  that  has  haunted  the  establishment  for  a  half  century 
—  a  new  facility,  adequately  financed,  for  the  State  Museum.  There 
have  been  one  or  two  moments  when  its  fulfillment  seemed  imminent, 
but  never  as  close  as  the  present  opportunity  when  consideration  of 
the  inclusion  of  a  cultural  center  within  the  State’s  South  Mall  project 
may  be  on  the  planning  boards.  It  might  be  appropriate  to  mention 
some  of  the  features  that  a  plan  for  a  new  museum  would  include,  as 
an  indication  of  how  it  would  enhance  a  cultural  center  for  Albany. 

A  Museum  on  the  Mall  for  the  State  of  Neie  York 

A  museum  center  for  the  State  Capital  Mall  should  introduce  the 
citizen  visitor  to  the  heritage  of  the  Empire  State.  The  building  and 
its  contents  should  arouse  respect  and  admiration  for  the  State’s  place 
in  the  world,  and  they  should  make  the  visitor  think  about  its  future. 

•  The  center  would  tell  the  story  of  the  region  from  remote 
geological  ages  to  the  present. 

•  It  would  relate,  in  a  meaningful  way,  the  environment  to  the 
fauna  and  flora  of  New  York  and  the  rest  of  the  world. 

•  It  would  illustrate  geological  and  biological  concepts  and 
processes. 

•  It  would  portray  the  life  and  cultural  position  of  the  native 
Indians  who  greeted  the  Dutch  and  whose  predecessors  had  lived 
here  for  5,000  years.  It  would  show  how  the  remarkable  League 
of  the  Iroquois,  the  People  of  the  Longhouse,  stood  astride  the 
first  gap  in  the  northeastern-trending  Appalachian  Mountains, 
which  was  the  gateway  to  the  West. 

•  Around  this  gateway  seethed  the  struggle  for  the  control  of  the 
continent.  It  saw  the  first  settlement  by  land-hungry  colonists 
who  began  farming,  successfully  harnessed  water  power,  and 
staged  the  western  movement  over  waterways  and  paths  that 
became  roads  through  central  New  York. 

®  The  State  has  had  distinguished  firsts  in  geology,  paleontology, 
botany,  entomology,  and  anthropology.  It  also  has  a  promising 
scientific  future,  and  the  new  museum,  with  its  research  tradition. 
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can  underscore  this  illustrious  past  and  guide  the  citizen  to 
glimpse  vistas  of  future  research  which  open  from  the  laboratories 
of  the  Science  Service  —  the  Anthropological  Survey,  the  Bio¬ 
logical  Survey,  and  the  Geological  Survey  —  and  in  the  books 
of  the  State  Library  and  manuscripts  of  the  State  Archives,  yet 
to  be  established  —  and  extend  from  these  components  of  a  State 
cultural  center  to  other  research  establishments  that  ring  the 
capital,  to  the  universities,  colleges,  and  other  schools  of  the  State, 
o  The  State  Museum,  like  the  State  Library,  would  become  the 
logical  focus  of  a  vigorous  program  of  museum  extension  co¬ 
operating  with  existing  institutions  and  aiding  regional  museum 
systems  in  remote  areas  of  the  State  now  wanting  museum  service, 
o  The  student  visitor  getting  his  education  in  New  York,  and  his 
parents  continuing  theirs,  would  see  New  York  as  part  of  the 
world;  they  would  see  the  relevance  of  geology  to  the  formation 
of  planets  and  of  the  solar  system;  they  can  be  assisted  to  under¬ 
stand  the  process  of  biological  evolution;  and  they  must  grasp  the 
principle  of  the  continuity  of  cultures.  That  the  museum  can 
contribute  to  the  education  of  the  layman,  and  that  the  museum 
occupies  a  unique  place  in  the  educational  structure  of  the  State, 
are  among  the  main  findings  of  a  distinguished  committee  of 
museum  people  and  citizens  during  the  past  year. 

Education  in  our  Western  culture  is  carried  on  in  a  multiplicity 
of  institutions:  Among  them  are  the  home,  the  church,  the  school, 
the  library,  and  the  museum.  .  .  . 

In  the  learning  process  the  devices  for  transmission  of  culture 
are  language  and  its  media,  and  real  objects.  When  objects  are 
necessary  or  vital  to  understanding  complex  relationships  and 
when  the  objects  are  of  such  a  nature  as  to  require  special  care 
in  gathering  and  maintaining  them,  then  the  museum  —  with  its 
collection  of  objects,  its  ability  to  organize  material  into  orderly 
systems,  and  its  staff  of  specialists  to  study  and  interpret  these 
objects  —  becomes  an  essential  part  of  the  educational  process. 

The  distinctive  attribute  of  museums  as  institutions  of  learning 
and  their  unique  contribution  to  the  educational  process  are  the 
maintenance  of  an  “open  system”  of  learning.  For  the  museum 
visitor,  like  the  library  reader,  the  “open  system”  is  one  which 
raises  questions.  It  poses  no  requirements  for  entrance,  it  makes 
no  formal  demands  in  curriculum,  and  it  requires  no  examination. 
The  “open  system”  appeals  to  all  age  levels.  It  provides  the 
atmosphere,  it  sets  the  tone,  and  it  stimulates  independent  learn¬ 
ing,  thus  reinforcing  the  formal  curriculum  of  the  school  and 
strengthening  the  informal  sanctions  of  the  home.  The  “closed 
system”  primarily  provides  answers  to  questions. 

Museums,  therefore,  with  their  contributions  to  the  learning 
process  and  their  functions  as  institutions  of  learning,  constitute 
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one  of  the  most  important  educational  resources  of  the  State  of 
New  York  and  should  more  effectively  serve  as  an  integral  part 
of  the  State’s  educational  structured 

A  Museum  Building  for  the  State  of  New  York 

A  new  State  Museum  building  should  stand  by  itself  as  an  easily 
identified  structure  that  would  invite  and  facilitate  visitation.  It  should 
afford  adequate  space  for  the  scientific  collections  and  the  research 
activities  now  included  in  the  programs  of  the  State  Museum  and 
Science  Service.  Collections  must  be  immediately  accessible  to  research 
scientists  and  to  programs  of  interpretation. 

If  the  Empire  State,  its  land,  its  natural  resources,  its  peoples,  its 
place  in  the  world,  and  its  posture  in  science  and  technology  are  to 
be  the  themes  of  a  mature  State  Museum  and  Science  Service  program, 
then  a  new  facility  is  needed  to  fulfill  them.  Now  one  of  the  oldest 
natural  history  museums  of  the  country,  it  is  already  a  site  of  scientific 
discoveries  and  of  publication;  it  not  only  keeps  the  State’s  collections 
of  record  in  its  fields,  but  it  also  interprets  the  results  of  its  researches 
on  these  collections  to  the  public  through  its  exhibits  and  education 
programs.  In  performing  both  research  and  community  services,  the 
State  Museum  is  in  the  tradition  of  the  great  museums  of  the  world 
which  are  still  first  and  foremost  centers  of  study  and  interpretation. 
The  present  demand  for  its  services,  which  is  mounting  yearly,  suggests 
that  a  new  State  Museum  could  perform  an  even  greater  service  to  a 
proud  and  affectionate  public  if  it  had  a  ground  floor  site  of  its  own 
where  people  could  park.  Present  research  of  the  Science  Service 
covers  the  State;  museum  services  could  then  follow. 

A  new  facility  must  provide  for  existing  programs,  it  must  afford 
room  for  programed  expansion,  and  it  must  be  strategically  located. 
There  must  be  parking  for  school  buses  and  visitors’  cars. 

Offices  and  research  laboratories  for  the  three  Surveys  of  the  Science 
Service  (now  housed  in  the  Education  Building  Annex)  would  be 
arranged  with  offices,  laboratories,  and  ranges  for  the  Museum  curators. 
Facilities  for  research  and  the  study  collections  would  be  grouped 
around  a  reference  library.  The  latter  would  be  enlarged  beyond  present 
space  because  a  larger  collection  of  books  would  be  required  when 
the  State  Museum  and  Science  Service  is  moved  to  a  location  several 
blocks  from  the  State  Library.  Two  lecture  theaters  will  be  required, 
plus  a  small  auditorium  which  can  be  divided  into  several  smaller  units 
of  various  sizes. 


'  Report  of  the  Coniniissioiier’s  Conunittee  on  Museum  Resources,  1962 
(Albany),  p.  29. 
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In  front  of  the  facilities  for  research  and  the  collections,  and  deriving 
their  factual  information  and  strength  from  them,  would  be  the  galleries 
of  the  teaching  museum.  The  present  exhibit  areas,  geology,  paleon¬ 
tology,  biology,  and  anthropology,  should  be  extended  to  include 
physics  and  chemistry  and  their  application  to  science  and  industry, 
and  astronomy.  Halls  should  be  devoted  to  a  Junior  Museum,  special 
or  temporary  exhibitions,  and  a  space  theater. 

Education  has  been  a  growing  function  in  the  State  Museum  for 
the  past  decade.  With  the  proper  encouragement  in  a  new  building, 
it  should  become  a  major  branch  of  the  institution. 

Storage  for  scientific  equipment,  exhibits,  and  publications  is  a 
major  problem  in  the  present  quarters.  Ample  space  of  about  20  times 
that  now  available  should  be  provided  for  efficient  and  safe  housing 
of  valuable  material. 

In  the  main,  a  new  museum  calls  for  new  exhibits,  and  the  funds 
and  staff  to  build  them.  But  some  of  our  exhibits  cannot  be  duplicated 
today;  they  have  stood  the  test  of  time,  and  people  like  them.  They 
can  be  salvaged.  Others  have  been  built  in  the  last  5  years  and  probably 
cannot  be  improved  significantly. 

Staff  Changes 

During  the  reporting  period,  permanent  status  was  received  by 
James  F.  Davis  as  Scientist  (geology)  August  24,  and  Robin  Rothman 
as  Museum  Technician  February  8.  Ross  P.  Sangster  was  appointed 
Science  Research  Aide  in  the  Wellsville  Office  April  19.  James  W. 
Manley  resigned  as  Associate  Curator  (interpretation)  February  21; 
C.  Michael  Darcy  was  appointed  Museum  Instructor  September  21 
under  NDEA  funds.  James  W.  Carroll  resigned  as  Building  Guard 
February  24,  and  was  replaced  by  Edward  W.  McCarthy  March  22. 
On  June  14,  Alvin  W.  Turner  filled  the  building  guard  position  vacated 
by  the  resignation  of  Francis  J.  Lynch  May  16.  Nelson  D.  Powers, 
Maintenance  Helper,  transferred  to  another  Departmental  unit,  and 
James  C.  Wiedemann  was  appointed  Maintenance  Man  (carpenter) 
June  28. 

William  N.  Fenton 

Assistant  Commissioner  for 
State  Museum  and  Science  Service 
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Student  assistants  uncovering  prehistoric  burial  at  O’Neil  site  near  Weedsport,  N.  Y. 


Accomplishments  of  the  Surveys 

Anthropological  Survey 

Major  excavations  were  carried  out  by  the  State  Archeologist 
at  the  stratified  O’Neil  site  on  the  Seneca  River,  near  Weedsport, 
Cayuga  County.  This  important  site  spans  a  sequence  from  the  Late 
Archaic  (C-14  dated  at  the  site  at  circa  2000  B.C.),  through  the 
Transitional  period,  to  Middle  Woodland.  A  new  culture,  named  the 
Frost  Island  phase,  was  found  here  in  the  Transitional  horizon.  New 
data  were  obtained  on  the  Point  Peninsula  1  culture,  Middle  Woodland 
period.  Further  excavations  are  planned  at  the  site.  Excavations  were 
also  conducted  on  four  sites  on  eastern  Long  Island,  pertaining  to  the 
Orient  and  Sebonac  cultures. 

The  junior  archeologist  spent  the  first  full  season  at  the  Garoga  site, 
Ephratah,  N.  Y.,  with  two  field  assistants.  In  an  excavated  area  of  1,500 
square  feet,  a  total  of  43  pits  was  uncovered.  Some  were  hearths  but 
most  were  storage  pits,  filled  with  sand  and  refuse.  Several  lines  of 
post  molds,  marking  probable  longhouse  walls,  were  exposed  to  be 
more  fully  investigated  in  the  next  season.  Many  artifacts  were  re¬ 
covered,  the  bulk  being  potsherds.  Numerous  implements  of  bone  and 
chipped  and  rough  stone  were  found,  all  typical  of  late  prehistoric 
Mohawk  culture. 

Both  archeologists  made  a  reconnaissance  in  central  New  York  and 
visited  sites  reported  by  amateurs  at  Watkins  Glen,  Grand  Island,  and 
Ballston  Lake.  Excavations  were  made  at  two  rockshelters  in  eastern 
New  York,  which  contained  deposits  ranging  in  time  from  the  Late 
Archaic  to  the  Iroquois  period.  Further  excavations  were  also 
conducted  at  the  Bent  site,  Scotia. 

Materials  from  1961  excavations  were  analyzed,  and  ail  field  notes 
and  photographs  were  put  in  order.  Collections  from  the  Barren  Island 
and  Bent  sites  were  analyzed. 

The  junior  archeologist  answered  calls  from  highway  engineers 
concerning  two  finds  mistakenly  reported  as  Indian.  The  scene  of  a 
mastodon  find  at  Summitville  was  visited  with  the  State  Archeologist 
and  Assistant  Director  of  the  Museum.  Maynard  A.  Bebee,  Director 
of  the  Bureau  of  Highway  Planning  and  Programming,  N.  Y.  S.  De¬ 
partment  of  Public  Works,  was  consulted,  and  working  arrangements 
for  the  future  were  established. 
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The  State  Archeologist  applied  for  and  received  renewal  of  his  NSF 
grant  in  archeology,  which  was  given  in  full  ($22,700;,  for  a  3-year 
continuation  of  the  aboriginal  settlement  pattern  study  in  the  Northeast. 
He  was  on  professional  development  leave  from  October  1,  1961,  to 
April  1,  1962,  in  order  to  write  a  book  on  New  York  prehistory. 
Reports  were  made  to  the  Commissioner  and  to  the  American  Philo¬ 
sophical  Society  for  a  travel  and  study  grant,  in  connection  with  this 
leave. 

The  junior  archeologist  set  up  a  temporary  exhibit  displaying  artifacts 
from  the  Garoga  site,  and  assisted  in  planning  and  writing  labels  for 
a  forthcoming  exhibit  on  the  evolution  of  man.  During  the  development 
leave  of  the  State  Archeologist,  he  performed  the  routine  duties  of  the 
office.  In  the  course  of  the  year  1961-62,  the  Anthropological  Survey 
received  over  120  local  or  out-of-town  visitors,  including  professional 
colleagues  and  amateur  archeologists. 

Biological  Survey 

The  several  projects  described  below  are  grouped  under  a  smaller 
number  of  “programs”  within  the  three  disciplines  —  Botany,  Ento¬ 
mology,  and  Zoology.  There  were  significant  developments  in  each  of 
the  programs  which  will  be  mentioned  here  before  presenting  the 
projects  in  more  detail. 

The  continuing  study  and  evaluation  of  pollen  samplers  in  the  pro¬ 
gram  supported  by  the  National  Institutes  of  Health  resulted  in  the 
decision  to  recommend  one  of  the  slide-edge  type  samplers  for  official 
adoption  as  the  standard  pollen  sampler  of  the  American  Academy  of 
Allergy. 

The  success  of  a  new  formulation  for  coating  screens  to  prevent 
the  entrance  of  punkies  (CuUcoides  spp.)  into  buildings  was  a  feature 
of  the  program  in  medical  entomology.  Other  developments  were  the 
discovery  of  three  sites  of  arthropod-borne  virus  activity  on  Long 
Island,  and  the  recovery  of  DDT  from  lake-bottom  and  stream-bed 
arthropods  and  other  organisms  in  the  central  Adirondacks.  A  poten¬ 
tially  important  advance  in  the  field  of  biological  control  of  insects 
was  the  large-scale  aerial  application  of  suspensions  of  Bacillus 
thuringiensis  and  polyhedral  virus  to  study  their  effect  on  gypsy  moth 
and  other  defoliating  insect  populations  and  damage. 

In  zoology,  the  first  volume  of  the  Handbook  of  North  American 
Birds,  edited  by  Dr.  Ralph  S.  Palmer,  State  Zoologist,  appeared.  The 
small  mammal  survey,  now  located  on  Long  Island,  was  broadened 
to  include  the  collection  of  migratory  and  other  birds  for  virus  testing, 
and  yielded  at  least  one  new  virus  record. 
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Field  Research 

Botany 

Travels  of  airborne  pollen.  Described  in  earlier  reports  under  the 
title  “Tagging  and  Sampling  of  Ragweed  Pollen.”  When  the  sampling 
techniques  were  perfected,  the  movements  of  the  pollen  in  the 
atmosphere  could  be  studied;  the  grant  by  the  National  Institutes  of 
Health  was  renewed  for  4  years.  Improvements  were  made  in  the 
cylinder  sampler  to  make  it  more  sensitive  to  changes  in  wind  direction, 
in  a  special  device  to  facilitate  counting  pollen  on  the  slide  edges  under 
the  microscope,  and  in  the  intermittent  and  sequential  retoslide 
samplers.  The  improved  techniques  and  instruments  resulted  in  greater 
uniformity  among  samples,  thereby  giving  a  more  satisfactory  statistical 
background  for  interpreting  the  results.  For  dispersion  studies,  a  new 
ragweed  field  was  added  at  Brookhaven  and  both  the  new  and  the 
old  fields  were  surrounded  by  an  array  of  slide-edge  cylinder  samplers. 
Their  arrangement  was  designed  to  facilitate  studies  of  changes  in 
concentration  with  distances  from  source,  as  a  function  of  source 
size,  vegetative  cover,  wind  speed,  and  other  conditions. 

Studies  of  variation  of  pollen  concentration  with  heights  were  con¬ 
tinued  on  the  400-foot  meteorology  tower  at  Brookhaven.  Another 
series  was  designed  to  reveal  variations  in  the  pattern  of  pollen  emission 
according  to  time  of  day.  Samplers  were  also  installed  at  Blue  Mountain 
Lake,  in  the  Adirondacks,  to  trap  tree  pollen  in  the  spring  of  1962. 
A  tower,  to  measure  pollen  concentrations  in  the  forest  and  at  higher 
levels,  was  ready  for  installation  by  the  end  of  the  report  period. 

Pollen  spectra  of  bog  and  lake  sediments.  One  additional  site  in 
the  Valders  Ice  studies  was  sampled,  yielding  57  sediment  samples. 
These,  and  about  120  others  taken  previously,  were  processed  by  the 
acetolysis  method,  and  a  few  pollen  analyses  were  made.  Studies  were 
also  made  of  the  kinds  and  amounts  of  pollen  being  deposited  on 
bog  and  lake  surfaces,  in  order  to  provide  information  as  to  preserva¬ 
tion  of  pollen,  under-  and  over-representation  of  particular  species,  and 
the  possibility  of  long  distance  transport.  Samplers  simulating  bog  and 
lake  surfaces  were  used  in  comparison  with  the  Brookhaven  sampling 
devices.  About  800  samples  were  taken,  of  which  500  have  been 
analyzed.  An  additional  150  samples  were  taken  as  an  extension  of 
this  study. 

Check  list  of  grasses  of  New  York  State.  In  the  course  of  exploring 
and  collecting  by  the  curator  for  vascular  plants  in  general  (see  next 
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Aerial  aed  ground  views  of  one  of  the  sampling  grids  for  studying  the  travels  of  airborne  pollen.  This  is  at  Brookhaven  National 
Laboratory  on  Long  Island,  where  part  of  the  pollen  project  is  conducted.  The  circle  of  plants  in  the  center  is  ragweed;  pollen  samplers 

are  arranged  around  it. 


project),  263  specimens  were  collected,  representing  200  numbers. 
Common  species  were  recorded  on  all  trips,  and  detailed  observations 
on  critical  complexes  in  the  genera  Festuca,  Agrostis,  and  Panicum 
were  continued.  The  Latham  collections  from  eastern  Long  Island, 
both  old  and  recent,  aided  greatly  in  these  studies.  Four  days  were 
spent  at  the  National  Herbarium  in  Washington,  D.  C.,  checking 
nomenclature,  types,  and  problems  in  several  genera.  Five  days  were 
spent  at  the  Wiegand  Herbarium  of  the  New  York  State  College  of 
Agriculture  at  Cornell  University,  checking  critical  genera,  and  the 
entire  collection  of  grasses  at  the  Rochester  Academy  was  verified,  as 
well  as  those  at  the  Rochester  Park  Headquarters.  Four  new  weedy 
grasses  were  added  to  the  list  of  species  for  the  State. 

Survey  of  vascular  flora  of  New  York  State.  Special  trips  were 
made  to  eastern  New  York  (the  Catskills  in  particular),  northern  New 
York,  and  Long  Island.  Specimens  were  collected  and  sight-records 
made  in  the  following  counties:  Albany,  Bronx,  Chemung,  Clinton, 
Columbia,  Delaware,  Essex,  Fulton,  Greene,  Hamilton,  Herkimer, 
Nassau,  Otsego,  Queens,  Rensselaer,  Rockland,  Saratoga,  Schoharie, 
Suffolk,  Ulster,  Warren,  and  Washington.  The  collection  of  vascular 
plants  of  the  Rochester  Academy  was  checked  for  rare  New  York 
species.  The  curator  was  assisted  in  the  field  for  several  weeks  by 
Norton  G.  Miller. 

Entomology 

Biology  and  control  of  Ciilicoides  (punkies).  Tests  of  chemicals 
painted  on  window  screens  were  continued,  using  6  per  cent  Bayer 
No.  39007,  and  6  per  cent  Malathion,  Sumithion,  and  Sevin.  Weather¬ 
ing  tests  in  the  laboratory  and  field  were  made.  Plots  of  various  sizes 
were  sprayed  for  larval  control. 

Survey  of  aquatic  life  in  Adirondack  streams  and  lakes.  The  purpose 
of  these  studies  is  to  determine  whether  or  not  DDT  occurs  in  the  food 
chain.  Analyses  to  date  have  revealed  traces  of  DDT  in  crayfish  and 
caddisfly  larvae  from  creeks,  and  in  fresh-water  clams  in  a  lake.  The 
significance  of  these  findings  remains  to  be  determined. 

Virus  survey  on  Long  Island.  Of  the  several  thousand  arthropods, 
mostly  mosquitoes,  collected  for  virus  processing,  two  groups  (pools) 
of  the  mosquito  Culiseta  melanura  and  one  pool  of  Culex  pipiens 
showed  virus  activity  (but  not  eastern  encephalitis).  This  indicates  the 
presence  of  unknown  viruses  in  mosquitoes  on  eastern  Long  Island. 
Additional  collections  were  made  at  the  same  sites  in  1962,  but  the 
virus  testing  has  not  yet  been  completed.  Discovery  of  virus  activity 
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in  an  ovenbird  made  it  desirable  to  continue  the  surveillance  of  birds 
for  the  presence  of  virus.  Studies  were  undertaken  to  relate  the  two 
lines  of  effort  by  experiments  to  determine  the  host  preferences,  among 
birds  and  small  mammals,  of  the  various  biting  arthropods  (i.e.,  poten¬ 
tial  vectors  of  viruses),  that  commonly  occur  in  the  area. 

Blackfly  larvicide  tests  in  the  laboratory.  A  method  for  testing  the 
effectiveness  of  insecticides  against  blackfly  larvae  in  the  laboratory 
was  developed  and  22  chemicals  tested.  These  included  only  chemicals 
with  a  relatively  low  mammalian  toxicity. 

Gypsy  moth— ecological  studies.  Aggregations,  or  micropopulations 
resulting  from  the  grouping  tendencies  of  gypsy  moth  larvae  were 
found  to  be  especially  important  for  survival  in  sparse  populations. 
The  spring  and  early  summer  of  1962  were  devoted  largely  to  studying 
this  phenomenon  with  the  aid  of  artificial  shelters  or  niches.  Quantita¬ 
tive  data  were  taken  on  the  number  of  caterpillars  that  returned  to 
the  same  shelter  after  feeding  in  the  crown  of  the  trees,  and  attempts 
were  made  to  determine  the  cause  of  death  and/or  disappearance  of 
the  various  individuals  in  each  population  subgroup.  These  are  now 
being  analyzed. 

Gypsy  moth— biological  control.  In  exploratory  tests  made  in  1961 
with  the  aerial  application  of  suspensions  of  the  bacterium  Bacillus 
thuringiensis  and  a  polyhedral  virus,  gypsy  moth  egg-mass  counts  were 
reduced  from  1,200  per  acre  to  210  per  acre.  Accordingly,  a  rather 
elaborate  field  testing  program  was  executed  during  the  late  winter 
and  early  spring  of  1962  with  the  co-operation  of  the  State  Conservation 
Department,  Forest  Service  and  Agricultural  Research  Service  of  the 
U.  S.  Department  of  Agriculture,  Bacteriology  Department  of  Univer¬ 
sity  of  Connecticut,  Saratoga  Springs  Authority,  Bioferm  Corporation, 
and  Stauffer  Chemical  Company.  Test  areas  where  the  plots  were  laid 
out  were  in  Saratoga  and  Washington  Counties.  Plot  sizes  varied  from 
25  to  150  acres,  with  a  total  of  24  treated  plots,  8  in  each  of  three 
replicated  series.  The  data  collected  and  to  be  collected  in  the  plots 
included  10-minute  larval  counts,  frass  collection  in  dropping  cloths, 
the  collection  of  live  and  dead  larvae,  rearing  of  larvae  on  sprayed  and 
unsprayed  foliage,  culturing  from  larvae  and  foliage,  and,  later,  egg- 
mass  counts.  About  20  men  were  employed  more  or  less  continuously 
for  6  weeks  to  take  these  data. 

Other  Forest  Insects.  Although  the  Bacillus  thuringiensis  work  was 
the  major  project  of  the  forest  insect  program  in  1961-62,  other  con¬ 
tinuing  projects  received  attention  as  required,  including  the  10-year 
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ecological  study  of  white  pine  weevil  (to  be  completed  in  1963).  Work 
done  during  the  present  report  period  included  pruning  and  thinning 
the  plantations  so  that  more  accurate  data  can  be  taken.  In  the 
permanent  beech-scale  plots,  the  10-year  study  of  the  scale  has  been 
completed.  The  finding  of  the  fatal  red  pine  scale  Matsucoccus  resinosae 
in  New  Jersey  around  the  Wanaque  reservoir,  close  to  the  New  York 
State  border  in  the  Hillburn-Suffern  region,  prompted  intensive  scouting 
in  the  area,  but  none  were  found  on  the  New  York  side.  The  160  acres 
of  red  pine  around  the  Wanaque  reservoir  were  clear  cut  in  the  hope 
of  exterminating  the  pest  in  New  Jersey  —  a  drastic  measure  which 
emphasizes  the  importance  of  the  surveillance  for  this  scale  in  New 
York.  Thus  far,  in  New  York  State  it  has  not  been  found  north  of 
Westchester  County  nor  west  of  the  Hudson  River.  Birch  leaf  miner 
(Fenusa  pumula)  was  added  to  the  list  of  pests  that  can  be  controlled 
by  the  comparatively  new  and  “safe”  insecticide  Sevin. 

Identification  and  classification  of  the  leaf  beetles  (Chrysomelidae: 
Galerucinae).  This  work  by  the  curator  is  a  continuation  of  the 
projects  described  in  more  detail  in  previous  annual  reports. 

Zoology 

Small  mammal  survey.  Field  work  was  conducted  on  Long  Island 
throughout  the  period.  Collecting  of  small  mammals  was  mainly  during 
late  July,  August;  October;  late  November  through  early  March,  and 
late  April  into  June.  A  total  of  372  specimens  were  collected.  Donald 
H.  Miller  assisted  during  the  summer  of  1961, 

Bird  disease  study.  During  the  period  July  6— October  20,  1961, 
birds  were  collected  by  mist-netting  and  shooting,  and  the  spleens  or 
brains  were  removed,  immediately  frozen,  and  delivered  to  laboratories 
for  testing  for  eastern  encephalities  and  other  virus  diseases.  In  1961, 
1 39  spleens  were  sent  in  seven  shipments  to  the  State  Health  Laboratory 
in  Albany;  also,  194  spleens  and  brains  were  delivered  to  the  Duck 
Disease  Research  Laboratory  at  Eastport  on  Long  Island.  The  season’s 
total  was  333  bird  specimens  (305  individual  birds),  representing 
68  species. 

Bird  collecting  was  resumed  (with  mist  nets  and  live  trap)  during 
the  1962  spring  migration,  March  20-April  30.  Two  hundred  and 
twelve  spleens  in  three  shipments  were  sent  to  Albany,  while  82  spleens 
went  to  Eastport.  The  spring  total  was  294,  chiefly  migratory  blackbirds 
(red-wings,  grackles,  and  cowbirds).  Spread  wings  of  birds  representa¬ 
tive  of  the  various  species  were  saved  incidental  to  the  collecting  of 


14 


; 

bird  specimens  for  virus  testing.  During  this  period,  171  wings  of 
77  species  were  saved.  Weights  and  other  data  were  recorded  for 
635  birds. 

Geological  Survey 

Last  year  the  final  compilation  of  the  new  State  Geologic  Map 
was  reported,  but  work  on  that  project  continued  throughout  1961  ”62. 
It  was  necessary  to  carefully  check  and  correct  many  proofs  of  the 
colored  geological  map,  as  well  as  to  write  the  text  which  is  to  accom¬ 
pany  the  map.  In  addition,  cover  design,  text  layout,  and  all  illustrations 
(24  original  plates)  were  accomplished  by  Marcia  Ring  Winslow,  a 
paleontologist  employed  on  a  full-time,  temporary  basis.  The  end  of 
the  report  year  saw  practically  all  facets  of  this  comprehensive  work 
completed,  with  publication  anticipated  in  late  1962, 

In  the  resubmission  of  legislation  concerning  conservation  of  oil 
and  gas  in  New  York  State,  Dr.  John  G.  Broughton  and  William  L. 
Kreidler  served  as  consultants  to  the  Joint  Legislative  Committee  on 
Interstate  Cooperation  which  sponsored  the  bill  Meetings  were  held 
with  proponents  and  opponents  of  the  bill  and  conferences  with  com¬ 
mittee  staff.  A  report  on  the  mineral  resources  of  the  Lake  Champlain 
Basin  was  prepared  by  James  F.  Davis  for  the  annual  meeting  of  the 
Interstate  Committee  on  Lake  Champlain.  Assisting  the  New  York 
State  Office  of  Atomic  Development  in  locating  the  western  New  York 
nuclear  service  center.  Dr.  Broughton  met  with  officials  of  that  or¬ 
ganization  at  a  public  meeting  in  Springville  to  inform  residents  of 
the  reasons  for  choice  of  the  site,  and  the  type  of  exploration  program 
to  be  carried  on.  He  also  spoke  to  representatives  of  industry  interested 
in  operation  of  the  site  at  the  time  the  State  announced  acquisition  of 
the  land. 

On  two  occasions,  Dr.  Broughton  served  as  a  member  of  an  Educa¬ 
tion  Department  team  to  evaluate  the  graduate  program  of  institutions 
in  the  State.  These  visits  of  2  to  3  days  were  made  to  determine  if 
the  institution  qualified  for  graduate  scholarship  assistance.  Reports  and 
recommendations  were  submitted  following  these  trips.  He  also  in¬ 
vestigated  the  possibilities  of  certain  underground  areas  for  storage  of 
material  in  the  event  of  enemy  attack. 

The  Geological  Survey  acted  as  host  to  the  annual  meeting  of  the 
Association  of  American  State  Geologists,  at  which  total  attendance 
was  approximately  60  persons.  Formal  meetings  were  preceded  and 
followed  by  field  trips  planned  by  Dr.  Lawrence  V.  Rickard,  James  F. 
Davis,  and  Dr.  J.  R.  Dunn  of  Rensselaer  Polytechnic  Institute.  For 
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this  occasioiij  Davis  prepared  a  field  guide  to  the  southern  Adirondacks, 
which  is  available  for  further  distribution. 

Field  Research 

Numerous  field  trips  were  made  by  Dr.  Broughton  to  the  site  of  the 
western  New  York  nuclear  service  center  in  order  to  check  on  progress 
of  geological  and  geophysical  exploration.  He  also  made  field  visits  to 
a  number  of  projects  being  carried  on  by  temporary  employees. 

Several  days  were  spent  by  Y.  William  Isachsen  in  reconnaissance 
field  mapping,  for  purposes  of  the  State  Geologic  Map,  in  areas  of 
the  Childwold  and  Santanoni  quadrangles  where  the  geology  was  poorly 
known.  He  was  assisted  by  James  F.  Davis,  who  collected  specimens 
for  analysis.  The  latter  also  studied  the  rock  exposures  at  a  purported 
tungsten  prospect  near  Petersburg. 

Visits  were  paid  by  Dr.  Rickard  to  field  projects  carried  on  by 
temporary  field  geologists.  He  also  collected  fossils  in  western  New 
York. 

Approximately  325  visits  were  made  by  Arthur  M.  Van  Tyne, 
assisted  by  Ross  Sangster,  to  exploratory  and  field  wells  for  the  purpose 
of  collecting  drilling,  production,  and  geological  data,  and  to  collect 
drilling  samples.  Van  Tyne  also  attended  44  meetings  of  the  Northern 
Gas  and  Oil  Scouts  Association,  and  made  approximately  100  addi¬ 
tional  visits  to  companies,  individuals,  and  areas  of  geological  interest 
in  connection  with  the  work  of  the  Wellsville  office. 

Field  Work  of  Temporary  Personnel 

Studies  in  paleoecology:  Leo  Laporte  of  Brown  University  began 
an  investigation  of  the  Helderberg  limestones  in  eastern  New  York. 

Glacial  geology  of  western  New  York:  2  months  were  spent  by 
Ernest  Muller,  of  Syracuse  University,  in  a  continuation  of  the  glacial 
geology  mapping  of  New  York  State  west  of  the  Genesee  River. 

Laboratory  Work 

Extensive  investigation  of  purported  tungsten  mineralization  was 
made  by  Dr.  Rickard  and  James  F.  Davis  from  samples  collected  near 
Petersburg  and  from  others  submitted  by  owners  of  the  property. 
From  detailed  emission  spectrograph  analyses,  it  was  possible  to  show 
that  tungsten  did  not  exist  in  anything  approaching  economic  quantities. 
A  considerable  amount  of  time  was  devoted  by  Dr.  Rickard  to  putting 
the  spectrograph  into  final  adjustment  and  developing  skills  and  tech¬ 
niques  in  its  operation.  He  attended  a  6-day  training  school  for 
spectroscopists  which  was  run  by  the  JarrelLAsh  Company  in  Boston. 
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Science  Research  Aide  Ross  Sangster  organized  and  marked  the  sec¬ 
tions  of  the  Olin  No.  1  deep  well  core  which  is  stored  at  Wellsville. 

Office  Activities 

Much  time  was  devoted  by  Drs.  Broughton,  Fisher,  Isachsen,  and 
Rickard  to  writing  a  text  on  the  geology  of  New  York  State,  for  the 
Geologic  Map  of  New  York.  This  text  of  approximately  40,000  words 
is  an  up-to-date  summary  of  the  geology  and  geologic  history  of  the 
State.  It  is  written  at  a  level  intended  to  be  informative  and  under¬ 
standable  to  informed  high  school  students  and  professional  geologists, 
and  is  abundantly  illustrated  with  line  drawings  by  Mrs.  Marcia  R. 
Winslow.  A  basement  map  of  the  State  was  revised  by  W.  Lynn 
Kreidler  for  inclusion  in  the  folio.  The  Cambrian,  Ordovician,  and 
Silurian  portions  of  the  text  were  prepared  by  Dr.  Donald  W.  Fisher, 
the  sections  dealing  with  geochronology  and  Precambrian  geology  by 
Isachsen,  and  the  Devonian  and  late  Paleozoic  sections  by  Dr.  Rickard. 
The  introduction,  sections  on  Pleistocene  geology,  Mesozoic  and 
Cenozoic  geology,  and  on  economic  geology  were  written  by  Dr. 
Broughton. 

A  number  of  manuscripts  were  completed,  or  in  progress  at  the 
close  of  the  year,  by  Drs.  Fisher,  Isachsen,  and  Rickard.  Mr.  Kreidler 
had  begun  the  preparation  of  a  contour  map  of  the  surface  of  the 
Onondaga  limestone. 

Work  of  the  Wellsville  office,  under  the  general  supervision  of  Mr. 
Kreidler,  was  carried  on  by  Arthur  M.  Van  Tyne  and  R.  Sangster. 
They  catalogued  well  and  sample  data,  and  plotted  well  locations  on 
topographic  maps.  Well  record  cards  were  prepared  with  duplicates 
for  the  Albany  office,  and  well  samples  were  examined  for  geological 
tops  and  data  for  well  records.  Service  extended  by  the  Wellsville 
office  may  be  summarized  as  follows:  visits  by  persons  seeking  data 
or  information,  238;  other  visitors,  72;  phone  calls  from  persons  seeking 
data  or  information,  277;  phone  calls  to  obtain  data  or  information, 
332;  phone  calls  to  give  data  or  information,  78;  and  letters  requesting 
data  or  assistance  and  giving  information,  234. 
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The  Museum 

General 

SEVERAL  TIMES  IN  THE  past  30  years  a  new  museum  structure  has 
appeared  to  be  imminent.  On  each  occasion,  hopes  were  not 
realized.  During  1961-62,  the  State’s  South  Mall  project  breathed  new 
life  into  the  proposal.  Although  planning  for  the  Mall  was  in  a  highly 
preliminary  stage  and  no  decisions  had  been  reached  concerning 
building  priorities,  it  seemed  desirable  to  assemble  general  specifications 
concerning  our  future  needs.  Space  and  facilities  requirements  for 
exhibits  design  and  construction  had  been  studied  only  3  or  4  years 
ago  for  laboratories  in  the  new  Annex,  but  modern  needs  for  the 
education  and  curatorial  programs  and  for  storage  were  undetermined. 
Accordingly,  the  museum  staff  reviewed  the  requisites  and  attempted 
to  forecast  needs  for  the  next  quarter-century.  By  the  end  of  the 
reporting  period,  the  amount  of  space  and  spatial  relationships  of 
various  facilities  had  been  worked  out  with  some  degree  of  finality. 
Planning  of  details  was  deferred  pending  the  announcement  of  building 
priorities  for  the  South  Mall. 

Due  to  the  interest  of  Department  officials,  several  major  improve¬ 
ments  were  made  in  the  present  quarters.  The  long-planned  covering 
of  the  skylight  on  the  Washington  Avenue  section  of  the  building  was 
initiated,  and  the  eastern  half  was  completed  by  late  summer  (1962). 
The  effect  of  shutting  out  daylight  from  the  new  exhibits  in  Paleontology 
Hall  was  almost  breath-taking.  When  revealed  by  individual  artificial 
lighting,  and  with  the  structural  work  of  the  old-fashioned  hall  greatly 
subdued,  the  colorful  displays  became  the  focus  of  attention  as  had 
been  intended.  Of  equal  or  even  greater  importance  was  the  prevention 
of  water  dripping  down  from  rain  and  snow  melting  on  the  roof;  it 
was  no  longer  necessary  for  the  guards  to  cover  exhibit  cases  with 
plastic  sheets  to  avert  damage  from  leaking  skylights.  An  unexpected 
dividend  was  the  markedly  lower  temperatures  in  summer,  when  the 
sun  formerly  had  filled  the  hall  with  a  stifling  tropical  heat. 

Authorization  was  granted  by  the  Department  to  use  the  offices 
formerly  occupied  by  the  audio-visual  unit  for  the  expanding  work  of 
the  Museum’s  education  section.  The  two  smaller  rooms  were  fitted 
for  office  use  and  for  the  assembly  of  mineral  sets,  respectively,  while 
the  large  office  was  made  into  a  second  classroom.  Its  location,  virtually 
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adjacent  to  the  Iroquois  bark  house  and  the  series  of  life  groups,  made 
it  especially  valuable  for  teaching  ethnology  and  archeology.  Following 
the  orientation  session,  school  classes  are  conducted  directly  into  the 
Hall  of  Iroquois  Groups  without  loss  of  time  and  the  distraction  of 
walking  through  other  exhibit  areas.  Establishment  of  the  second 
lecture  room  obviously  permitted  more  classes  to  be  accommodated 
in  a  given  time  with  less  confusion  and  chance  for  conflict.  It  also  made 
it  possible  to  designate  the  “old”  classroom  for  the  teaching  of  natural 
history  subjects,  reducing  crowding  of  teaching  materials  such  as  live 
animals,  preserved  specimens,  rocks  and  minerals,  clothing  and  utensils, 
and  charts  and  pictures.  Demonstration  material  can  now  be  laid  out 
ready  for  use,  especially  in  the  ethnology  lecture  room,  instead  of  being 
put  away  to  make  space  for  objects  used  in  other  teaching  subjects. 

The  herbarium  had  been  moved  in  1959-60  from  its  old  quarters 
at  the  east  end  of  the  main  building  to  the  north  end  of  Biology  Hall. 
Being  segregated  from  the  exhibits  only  by  an  8Toot  wall,  noise  and 
echoes  in  the  lofty  hall  proved  to  be  even  more  disturbing  to  the 
botanists  than  had  been  anticipated.  The  racket  of  unsupervised  school 
children,  particularly,  was  destructive  to  a  research  atmosphere.  Ac¬ 
cordingly,  during  the  past  year  studies  were  made  of  possible  remedies 
and  plans  were  drawn  for  a  soundproof  room  to  be  constructed  early 
next  year  within  the  herbarium.  In  this  well-lighted,  air-conditioned 
enclosure,  plants  can  be  catalogued  and  studied  in  quiet. 

Visitor  attendance  in  the  exhibit  halls  continued  to  fluctuate  without 
evident  reason.  A  steady  increase  was  recorded  each  year  from  1956 
through  1958,  to  be  followed  by  a  17  per  cent  decline  in  1959-60,  and 
a  50  per  cent  increase  in  1960-61.  During  the  period  covered  by  this 
report,  visitation  went  down  again  but  by  only  7  per  cent  —  from 
220,000  to  204,000.  (A  new  museum  with  adequate  weekday  parking 
undoubtedly  would  attract  many  more  visitors. ) 

As  we  mentioned  last  year,  the  number  of  persons  who  take  ad¬ 
vantage  of  Sunday  openings  of  the  exhibit  halls  from  Memorial  Day 
to  Labor  Day  has  declined  greatly  since  World  War  IT  Recently, 
Sunday  use  has  been  little  more  than  half  of  the  average  daily  attend¬ 
ance  for  the  year.  On  a  per-visitor  basis,  it  appeared  that  use  of 
inadequate  funds  for  the  overtime  work  of  guards  and  elevator 
operators  to  staff  the  Museum  on  summer  Sundays  was  no  longer 
justifiable.  Study  of  adequate  sample  counts  made  by  the  Museum 
guards  revealed  that  weekday,  and  especially  Saturday,  figures  are 
highest  during  the  spring  and  fall  months.  It  was  decided,  therefore, 
to  close  the  Museum  on  Sundays  in  summer  and  to  open  it  instead 
during  October-November  and  March-May.  Utmost  efforts  will  be 
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made  to  inform  the  public  of  this  change  through  radio-press  coverage 
of  New  York  and  western  New  England.  If  funds  become  available 
and  the  expense  appears  justified,  Sunday  openings  will  be  extended 
until  they  cover  the  10-month  period  from  September  through  June. 

Educational  services,  especially  to  teachers,  were  improved  ma¬ 
terially.  An  increase  in  the  staff,  financed  by  NDEA,  made  it  possible 
to  vary  the  program  of  instruction  for  school  groups,  to  write  a  variety 
of  teaching  publications,  and  to  expand  the  series  of  teacher  workshops. 
All  three  fields  are  important,  but  the  workshop  program  gives  greatest 
promise  of  extending  the  Museum’s  influence.  Almost  150  teachers 
from  42  schools  in  the  Albany  area  took  advantage  of  this  after-hours 
activity  (evenings  and  Saturdays).  If  each  teacher  is  enabled  to  do  a 
better  instructing  job  for  an  average  of  50  pupils  (a  low  figure,  con¬ 
sidering  that  many  of  these  persons  taught  in  secondary  schools),  the 
total  number  of  students  affected  was  in  the  neighborhood  of  7,500. 
This  number  is  more  than  one-third  of  the  school  group  attendance 
at  all  museum  tours  which  were  guided  by  our  staff  during  the  entire 
school  year.  The  teacher  workshops  program  has  proven  to  be  popular 
with  teachers,  who  give  their  own  time  for  self-improvement,  and 
should  be  expanded  still  further.  (Important  help  has  been  contributed 
by  curators  and  by  members  of  the  State  Science  Service.)  To  give 
this  field  proper  depth  and  variety,  and  to  produce  the  publications 
(Museum  leaflets)  which  supply  important  background  material  for 
teaching,  at  least  one  additional  instructor  is  essential. 

The  stock  of  lending  sets  (minerals,  fossils,  and  Indian  artifacts) 
was  increased  with  funds  from  NDEA,  and  about  200  loans  were  made 
to  schools.  A  further  expansion  into  the  field  of  biology  is  desirable. 
This  material  would  require  the  services  of  a  preparator.  The  scope 
of  educational  material  at  the  sales  desk  was  extended  and  more  than 
2,400  publications,  in  addition  to  many  other  items,  were  sold.  A 
receptionist  is  urgently  needed  at  busy  periods  to  relieve  the  guards 
for  handling  school  groups  and  protecting  the  museum. 

The  education  staff  took  charge  of  the  preparation  of  slide  shows 
for  the  automatic  projector  in  the  Little  Theater.  Two  series  of  slides, 
one  illustrating  the  varied  work  of  the  State  Museum  and  Science 
Service  and  the  other  a  summary  of  principal  museums  in  New  York 
State,  were  assembled  and  used  at  different  times.  Shows  on  other 
subjects  are  being  made  up,  with  the  objective  of  installing  a  different 
series  every  2  months. 

Public-spirited  friends  of  the  State  Museum  continued  to  augment 
the  collections  and  future  exhibits  by  donating  specimens.  Dr.  and  Mrs. 
W.  Brandon  Macomber  of  Albany  gave  another  group  of  32  mammals. 
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all  superbly  mounted.  A  few  were  from  eastern  Africa  (supplementing 
their  gift  of  22  specimens  from  that  region  in  1960-61 ),  but  most  had 
been  taken  in  northern  North  America.  A  special  exhibit  of  Alaskan 
wildlife  utilized  some  of  the  latest  accessions;  it  was  made  much  more 
striking  by  the  donors’  gift  of  walnut  paneling  and  a  translucent  ceiling 
for  the  setting.  Another  significant  accession  was  a  scries  of  23  mounted 
fishes  from  the  western  North  Atlantic  (Long  Island  to  Bahamas), 
the  gift  of  Mrs.  Mary  B.  Hecht  of  New  York  City  and  Alligerville.  It 
also  was  made  into  a  special  exhibit.  All  of  this  material,  whether  it 
originated  within  the  State  or  from  points  thousands  of  miles  distant, 
will  be  useful  in  the  scientific  and  educational  programs  of  this  institu¬ 
tion.  To  paraphrase  an  official  of  the  British  Museum  {Museum 
Journal,  62: 170;  1962),  an  appreciation  of  nature  based  on  New  York 
State  alone  would  be  at  best  very  incomplete  and  at  worst  parochial 
and  misleading. 

A  museum  is  the  product  of  its  staff,  and  is  only  as  competent  as 
its  personnel.  We  have  been  fortunate  during  1961-62  in  acquiring 
the  services  of  several  persons  having  unusual  competence.  C.  Michael 
Darcy  was  appointed  Education  Instructor  (NDEA),  in  the  place  of 
Gerald  Schneider  (resigned).  Miss  Robin  Rothman,  who  had  been  a 
temporary  employee  for  nearly  2  years,  was  appointed  to  a  new 
permanent  opening  as  an  Exhibits  Technician.  Mrs.  Helen  Fisher  of 
Albany  and  Harold  Ross  of  Buffalo  were  also  enlisted  in  the  exhibits 
program  with  funds  provided  by  Title  III  (National  Defense  Educa¬ 
tion  Act).  A  skilled  carpenter,  James  C.  Wiedemann,  was  appointed 
to  a  new  position  (Maintenance  Man)  which  had  been  converted  from 
a  long-standing  apprentice  job.  The  museum  now  has  two  able 
carpenters,  which  should  materially  speed  up  construction  work.  Addi¬ 
tional  assistance,  which  was  subprofessional  but  nevertheless  helpful, 
was  given  the  exhibits  program  by  arrangement  with  the  Co-operative 
Work  Program  of  Antioch  College.  Three  students,  Caroline  Dutky, 
Patricia  Esch,  and  Barbara  Samuels,  each  served  for  3  months  as 
assistants  to  the  Chief  Exhibits  Technician.  The  curators  were  pro¬ 
vided  with  help,  unfortunately  of  short  duration,  by  hiring  the  following 
college  students  during  their  summer  vacations:  Paul  Graziade 
(geology),  and  David  Lohre  (botany).  Henry  Thurston  provided 
trained  assistance  in  zoology,  and  Helen  McCulloch  was  a  temporary, 
part-time  Instructor  in  Museum  Education.  Full-time,  subprofessional 
assistance  continues  to  be  an  urgent  need  in  the  curatorial  program 
in  order  to  free  the  curators  for  more  exacting  duties  which  they  now 
lack  time  to  perform. 
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On  occasion,  the  State  Museum  has  been  offered  the  services  of 
skilled  persons  who  wished  to  do  something  constructive  or  useful  but 
who,  for  budgetary,  age,  or  other  reasons  could  not  be  hired.  Such 
services  could  not  be  accepted  gratis,  because,  in  the  event  of  accident, 
the  person  would  not  be  covered  by  provisions  of  the  Workmen’s  Com¬ 
pensation  Law.  By  act  of  the  1962  session  of  the  Legislature,  the 
State  Museum  was  permitted  to  accept  the  services  of  volunteers,  who 
will  be  entitled  to  compensation  if  injured  on  the  job.  The  Museum 
thus  became  the  second  State  agency  to  be  enabled  legally  to  engage 
unpaid  assistance.  (State  hospitals  previously  had  been  authorized  to 
accept  the  services  of  the  Grey  Ladies.)  Discussions  with  representa¬ 
tives  of  the  Albany  Junior  League  and  the  Girl  Scouts  indicate  that  a 
few  volunteers  may  be  anticipated  from  those  organizations. 

As  in  several  preceding  years,  most  of  the  time  and  money  allotted 
to  exhibits  were  devoted  to  paleontology.  The  display  wall,  which  will 
house  all  except  one  of  the  planned  series  of  nine  dioramas  showing 
the  life  of  geologic  periods,  was  almost  finished  at  year’s  end.  Two 
dioramas,  made  soon  after  World  War  I  by  Henri  Marchand,  were 
dismantled  and  their  principal  models  were  incorporated  with  new 
material  into  completely  modern  groups  with  painted  backgrounds. 
Armored  fishes  are  the  primary  characters  in  the  Devonian  group, 
while  eurypterids  are  the  focus  of  attention  in  the  Silurian  period 
exhibit.  A  third  diorama,  which  illustrates  the  Permian  period  of  west 
Texas,  has  a  background  scene  in  the  Big  Bend  which  was  painted 
by  Matthew  Kalminoff  of  the  American  Museum  of  Natural  History. 
A  very  striking  exhibit  on  bryozoans  was  completed;  although  rela¬ 
tively  small  in  size,  it  proved  to  be  one  of  the  most  time-consuming 
of  the  paleontology  exhibits  because  of  difficulties  in  casting  the  plastic 
model  of  the  bryozoan  cell.  Two  other  displays  also  were  made  and 
placed  on  view,  which  aid  in  explaining  the  formation  of  sedimentary 
rocks  and  the  uses  of  fossils.  Helpful  advice  on  cloud  formations  in 
the  scene  illustrating  sedimentary  rocks  was  given  by  Ernest  C.  Johnson, 
director  of  the  Albany  office  of  the  U.  S.  Weather  Bureau.  A  new 
restoration  of  the  famed  Naples  Tree  {Lepidosigillaria  whitei),  which 
had  been  in  construction  for  2  years,  was  completed  early  in  1962 
and  installed  in  front  of  the  original  fossil  in  the  foyer.  The  new 
3-dimensional  tree  is  made  entirely  of  plastics;  its  green  foliage  can  be 
cleaned,  and  the  trunk  with  its  leaf-scar  pattern  is  practically  vandal 
proof. 

The  second  of  the  seven  major  displays  planned  for  Orientation  Hall 
was  completed  soon  after  the  opening  of  the  past  year.  This  exhibit. 
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A  colorful  exhibit  on 


bryozoans  was  installed  in  one  of  the  pillars  of 
Paleontology  Hall. 
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which  explains  how  geology  has  determined  the  topography  of  New 
York  State,  was  described  in  last  year’s  report  (p.  39), 

Repainting  the  walls  of  the  rotunda  made  it  advisable  to  remove 
the  large  framed  collection  of  the  bird  paintings  by  Louis  Agassiz 
Fuertes  for  Eaton’s  Birds  of  New  York.  Conditions  under  which  these 
noted  paintings  had  been  displayed  were  far  from  satisfactory.  Rather 
than  replace  them,  therefore,  it  was  decided  to  utilize  the  more  out¬ 
standing  plates  in  a  new  major  exhibit  with  the  preliminary  title  of 
“Bird  Art  in  Science.”  This  exhibit  would  describe  the  evolution  of 
depicting  birds,  beginning  with  Cro-Magnon  cave  drawings,  and  show 
how  artists,  through  their  paintings,  have  recorded  information  and 
advanced  human  understanding  of  birds  and  their  habits.  Mrs.  Aileen 
Merriam,  of  Austin,  Tex.,  a  graduate  of  Cornell  in  ornithology,  was 
commissioned  to  prepare  the  exhibit  plan,  which  she  did  during  the 
summer  of  1961.  Duplicate  cases  totaling  84  feet  in  length  were  built 
in  the  two  corridors  between  the  rotunda  and  Biology  Hall  to  receive 
the  exhibit  when  assembled.  A  suspended,  translucent  ceiling  and 
decorative  entrances  made  a  marked  improvement  in  the  appearance 
of  the  formerly  stark  corridors.  These  changes  were  effected  by  the 
talent  and  imagination  of  the  Exhibits  Designer,  Theodore  P.  Weyhe. 

Advice  on  numerous  phases  of  museum  management  was  furnished 
to  other  institutions.  Inspections  by  the  Assistant  Director  were  made 
of  two  institutions,  the  Woodland  Museum  and  the  Valley  Stream 
Museum,  which  had  applied  for  Regents’  charters.  The  dedication  of 
the  former  institution,  at  Cooperstown,  was  attended.  Museums  in 
Washington,  D.  C.;  Williamsburg,  Va.;  Chicago,  Ill.;  Lincoln,  Nebr.; 
and  Denver,  Boulder,  and  Colorado  Springs,  Colo.,  were  studied  to 
expand  our  range  of  exhibit  ideas.  In  addition,  members  of  the  educa¬ 
tion  section  visited  more  than  30  institutions  in  the  United  States  to 
study  education  programs  and  exhibits;  the  Education  Supervisor 
visited  10  museums  and  zoos  in  northern  Europe  on  official  time,  but 
at  personal  expense,  for  the  same  purpose. 

Curatorial  Activities 
Archeology 

The  Curator  spent  most  of  his  time  on  activities  which  had  com¬ 
menced  in  previous  years,  primarily  the  checking  of  collections  as  they 
were  moved  into  the  new  range  rooms.  Further  progress  was  made  in 
updating  the  central  negative  files,  and  additions  were  made  to  the 
site  records.  Catalogues  were  completed  on  specimens  from  the  Baxter 
site.  Wells  site,  O’Neil  site,  and  other  accessions  resulting  from  the 
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field  activities  of  the  State  Archeologist.  Acquisition  of  a  Sonogen 
supersonic  cleaner  promises  greater  efficiency  in  processing  material. 

Botany 

The  basic  inventory  of  the  entire  collection  was  completed.  As  of 
June  30,  1962,  the  totals  of  inserted  specimens  in  the  various  groups 
were:  Algae,  500;  fungi  (including  lichens  and  bacteria),  53,568; 
bryophytes,  10,528;  and  vascular  plants  (including  study  collections), 
100,994.  The  collection  now  totals  165,590  specimens. 

In  addition,  materials  to  be  included  as  they  can  be  mounted  are 
conservatively  estimated  to  be:  Algae,  300;  fungi,  2,000;  bryophytes, 
2,000;  and  vascular  plants,  6,000  —  a  total  of  10,300  specimens, 

A  more  complete  account  will  list  totals  under  dates  of  collection, 
places  of  origin,  and  names  of  collectors.  This  inventory  is  now  one- 
third  finished.  The  Curator  was  assisted  for  several  weeks  by  a 
temporary  employee,  David  Lohre.  A  detailed  report  will  be  presented 
on  completion. 

Two  institutions  and  16  individuals  presented  materials  in  exchange 
or  as  gifts  (see  p.  31).  These  accessions  are  classified  as  follows: 


FUNGI 

ALGAE 

BRYOPHYTES  VASCULAR  PLANTS 

TOTAL 

New  York  State  .... 

..  1,965 

374 

723 

1,537 

4,599 

Out-of-State  . 

0 

0 

0 

290 

290 

Total  . 

..  1,965 

374 

723 

'f,827 

4,889 

Collections  by  the  Curator 

were  as  follows: 

New  York  State  .... 

..  1,183 

39 

3,015 

665 

4,902 

Out-of-State  . 

0 

0 

0 

3 

3 

Collections  by  the  State  Botanist  and  assistants^ 

New  York  State  .... 

0 

0 

0 

317 

317 

Out-of-State  . . 

0 

1 

0 

263 

264 

Total  . 

..  3,148 

414 

"3,738 

3,075 

To, 375 

The  most  notable  group  accessions  were  345  specimens  of  bryo¬ 
phytes  from  New  York  State,  collected  by  the  curator's  assistant, 
Norton  G.  Miller  and  4,054  specimens,  representing  all  divisions  of 
plants,  mostly  from  Suffolk  County,  mostly  collected  by  Roy  Latham. 

During  the  fiscal  year,  2  (probably)  new  members  of  the  known 
fungus  flora  of  the  State  were  found  and  6  new  fungus-host  records. 
Identification  was  made  by  Dr.  Clark  T.  Rogerson,  New  York  Botanical 
Garden. 

As  in  previous  years,  some  mosses  were  identified  by  the  late  Dr, 
A.  Leroy  Andrews,  Ithaca,  N.  Y.,  and  others  were  identified  by  Dr. 
Howard  E.  Crum,  National  Museum,  Ottawa,  Can.  On  the  basis  of 
this  and  other  identifications,  the  following  numbers  of  additions  are 
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made  to  the  check  list:  District  1  (vicinity  of  Clayton),  14;  District  2 
(vicinity  of  Ogdensburg),  10;  District  3  (vicinity  of  Saranac  Lake), 
18;  District  4  (vicinity  of  Plattsburgh),  10;  District  6  (vicinity  of 
Lockport),  4;  District  7  (vicinity  of  Rochester),  1;  District  9  (vicinity 
of  Lowville),  8;  District  10  (vicinity  of  Indian  Lake),  14;  District  11 
(vicinity  of  Warrensburg),  3;  District  12  (vicinity  of  Jamestown),  2; 
District  13  (vicinity  of  Clean),  4;  District  15  (vicinity  of  Ithaca),  2; 
District  16  (vicinity  of  Unadilla),  5;  District  17  (vicinity  of  Middle- 
burg),  8;  District  18  (vicinity  of  Albany),  2;  District  20  (vicinity  of 
Ellenville),  4;  District  21  (vicinity  of  Poughkeepsie),  3;  District  22 
(vicinity  of  Orient),  1;  and  District  26  (vicinity  of  Riverhead),  7. 
Six  species  and  five  varieties  were  added  to  the  known  moss  flora  of 
the  State.  The  curator  has  continued  copying  records  of  vascular  plants 
from  authoritative  literature.  This,  combined  with  field  work  and  study 
of  recent  accessions,  has  added  the  following  numbers  of  species  and 
subspecies  of  vascular  plants  to  the  county  lists: 


Albany  .  1 

Cayuga  .  3 

Essex .  1 

Genesee  .  1 

Hamilton  .  2 

Herkimer  .  1 

Livingston .  4 

Monroe  . .  12 

Nassau  .  2 

New  York .  1 


Niagara .  I 

Onondaga  .  1 

Ontario  .  3 

Otsego  .  2 

Putnam  .  5 

Rensselaer .  1 

Richmond  .  1 

Saratoga  .  2 

Schenectady  ....  1 

St.  Lawrence  ....  2 


Steuben  .  2 

Suffolk  .  3 

Tioga .  1 

Tompkins  .  2 

Ulster  .  10 

Washington .  2 

Wayne .  2 

Yates  .  5 


Included  in  these  records  are  four  introduced  grasses. 


Entomology 

The  transfer  and  rearrangement  of  exotic  beetles,  moths,  and 
butterflies,  and  the  updating  of  nomenclature  and  arrangement  of  the 
insect  study  collection  was  continued. 

A  considerable  number  of  specimens  were  collected  by  Donald  P. 
Connola,  Dr.  Hugo  A.  Jamnback,  and  the  Curator.  William  E.  Smith, 
Forest  Pest  Control  Bureau,  State  Conservation  Department,  submitted 
many  forest  pest  insects  for  identification  and  subsequently  for  storage 
in  the  State  Museum  collection. 

Approximately  275  requests  for  information  were  received.  Most 
of  these  called  for  the  identification  of  a  particular  insect  and  the  means 
of  controlling  it  if  it  was  apt  to  become  a  pest.  Co-operative  work 
with  the  Forest  Pest  Control  Bureau,  Conservation  Department,  called 
for  identification  of  forest  pests.  Co-operation  with  the  Department  of 
Health  called  for  identification  of  mites,  ticks,  and  fleas. 
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Geology 

The  Curator  continued  his  investigation  of  the  clay  minerals  present 
in  the  Lower  Devonian  rocks  of  the  central  Hudson  Valley. 

A  condensed  8-session  course  on  the  subject  of  rocks  and  minerals 
was  outlined  for  the  Capital  and  Natural  Science  Center. 

One  hundred  and  fifty  visitors  were  received  during  the  year.  Ap¬ 
proximately  305  rock,  mineral,  and  ore  samples  were  identified  for 
the  public  and/or  colleagues.  One  hundred  and  five  of  these  identifica¬ 
tions  were  made  using  X-ray  techniques. 

Public  requests  for  information  are  listed  by  subject  and  number  of 


requests  answered: 

State  geology . 50 

State  mineralogy  . 105 

Miscellaneous  . . 60 

Copies  of  leaflet  No.  10,  Rocks  and  Minerals  of  New 

York  State,  sent  to  school  children  and  teachers .  120 

Rock  samples  of  anorthosite,  with  descriptive  informa¬ 
tion,  sent  to  school  children . . . . .  360 


Paleontology 

The  contents  (74  specimens)  were  removed  from  several  exhibit 
cases,  and  the  material  was  catalogued  and  stored.  This  completes  the 
dismantling  of  the  old  exhibits  in  Paleontology  Hall.  As  usual,  a  con¬ 
siderable  amount  of  time  was  spent  in  keeping  the  type  catalogue  up 
to  date.  Forty-nine  new  specimens  were  added  to  the  type  collection, 
and  cards  were  entered  in  the  type  catalogue.  One  hundred  and  ninety- 
one  type  and  nontype  specimens  were  treated  in  an  attempt  to  stop 
or  prevent  disintegration.  Collections  containing  784  specimens  were 
packed  for  shipment.  Ninety  entries  were  made  in  the  locality  and 
accession  records,  and  951  specimens  were  ticketed  with  locality 
numbers.  The  State  Paleontologist,  the  Senior  Scientist  (paleontology), 
and  temporary  members  of  the  staff  collected  and  turned  over  for 
accessioning  a  total  of  871  fossil  specimens  from  29  localities  in  the 
State. 

Assistance  was  given  to  the  following  visiting  scientists  who  desired 
to  study  portions  of  the  collections:  Dr.  William  B.  N.  Berry,  University 
of  California  (graptolites) ;  Dr.  William  A.  Oliver,  Jr.,  U.  S.  Geological 
Survey  (fossil  corals);  Dr.  W.  D.  Ian  Holfe,  Museum  of  Comparative 
Zoology  (fossil  phyllocarids) ;  Dr.  Adolph  Seilacher,  Geolog.- 
Palaontolog.  Institut  der  Georg-August-Universitat,  Gottingen,  Ger¬ 
many  (fossil  worm  trails);  Erik  N.  Kjellesvig-Waering,  Trinidad,  West 
Indies  (eurypterids) .  Dr.  F.  J.  W.  Holwill,  Imperial  College  of  Science 
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A  porfloe  of  a  new  exhibit  which  was  Installed  this  year  in  Paleontology  Hall.  The  label  describes  “How  Sedimentary  Rocks  Are 
Formed^  Rock  fragments  of  all  sizes,  broken  or  dissolved  from  the  earth’s  crust  are  moved  by  wafer,  glaciers,  and  other  forces  to 
places  where  they  are  deposited  in  layers.  Many  of  these  sediments  are  compacted  or  cemented  into  solid  rock.” 


and  Technology,  London,  England,  was  furnished  34  photographs  of 
type  corals.  Approximately  80  fossil  specimens  were  identified  for  some 
30  visitors,  and  information  on  fossils  and  fossil  localities  was  trans¬ 
mitted  to  a  number  of  correspondents. 

Zoology 

Experiments  were  made  to  test  some  commercially  available  paints 
and  wood  stains  to  determine  their  value  in  preventing  woodpecker 
damage  to  structures  such  as  dwellings.  Breeding  bird  censuses  were 
made  in  the  100-acre  tract  of  the  Wilson  M.  Powell  Wildlife  Refuge. 

Distribution  files  were  maintained  on  animals  of  the  State,  and  maps 
for  the  bird  handbook  project  were  continued.  A  museum  guidebook 
to  the  mammals  of  the  State  is  nearly  completed. 

For  the  New  York  State  Conservation  Department,  many  letters  to 
the  editor  of  the  Conservationist  dealing  with  zoological  matters  were 
answered  by  the  Curator.  Work  was  continued  with  Boy  Scouts,  4-H 
Clubs,  and  school  groups. 

Two  outstanding  donations  of  zoological  material  were  received 
from  friends  of  the  State  Museum.  Dr.  and  Mrs.  W.  Brandon 
Macomber,  of  Albany,  gave  32  specimens  of  North  American  and 
African  mammals,  and  Mrs.  Walter  Greenwood,  of  Jersey  City,  N.  J., 
donated  the  birds  egg  collection  of  her  husband,  which  consisted  of 
over  200  sets  of  eggs  suitable  for  exhibition.  It  ineluded  eggs  of  the 
passenger  pigeon  and  the  ivory-billed  woodpecker. 

Henry  Thurston  of  Claverack,  N.  Y.,  acted  as  assistant  to  the 
Curator  in  sorting  out  and  cataloguing  the  collections  of  birds’  eggs 
and  skeletons.  Miss  Susan  Staflfa  started  part-time  work  for  the  zoology 
office  in  June,  primarily  to  arrange  the  skeleton  collection  and  identify 
fragmentary  bones  from  the  archeological  collections.  Only  221  items 
were  actually  catalogued,  but  over  500  more  were  added  to  the  col¬ 
lection  uncatalogued,  as  some  preparation  remained  to  be  done. 

Three  outdoor  trips,  including  two  for  teachers  from  CASDA  classes, 
were  led  by  the  curator  to  the  Wilson  M.  Powell  Wildlife  Sanctuary 
at  Old  Chatham.  A  lesson  in  ecology  was  given  for  a  ‘'Zoology  for 
Teenagers”  class,  and  three  special  classes  were  lectured  on  the  subject 
of  classification  and  duties  of  a  zoologist.  One  special  outdoor  class 
from  Columbia  Central  High  School,  under  Lee  Burland,  was  given 
a  lecture  on  ecology  at  Wilson  M.  Powell  Sanctuary.  Five  elementary 
grade  classes  were  given  outdoor  walks  and  lessons  at  the  same 
sanctuary.  A  4-H  group  was  given  a  bird  walk  at  the  Alps  4-H  camp 
in  Rensselaer  County.  The  Curator  also  advised  on  land  use  at  Catskill 
Central  School. 
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Accessions 

With  the  exception  of  a  few  purchases  as  noted,  the  following  objects 
and  material  were  donated  to  the  State  Museum  by  generous  friends. 


Archeology 

Skeletons,  pot  fragments,  and 
charcoal  samples 
Flint  projectile  point 
Indian  stone  tools 
Quartz  projectile  points  and  pot 
fragments 

Photographs  of  Indian  paintings  (66) 

Tomahawk 

Figurine 

Flint  Bayonet 

Prints  of  Iroquois  Indians  (5 ) 
Alaskan  Indian  Shaman’s  Costume 

Cow  horn  rattles  (2) 

Collection  from  the  Barren  Island 
site 

Collection  from  the  Claverack  site 
Photographs  and  prints  of  Indians 

Botany 

Plants,  mostly  from  New  York  State 
(75) 

Mycota  from  Columbia  County  (7 ) 

Plants  from  Ulster  County  (37) 
Plants  from  central  New  York  State 
(3) 

Plants  from  Hamilton  County  (11) 
Gymnosporangiiim  from  Albany 
County  (2) 

Tracheophyta  from  Delaware 
County  (72) 

Plants  from  New  York  State  (63) 
Plants  from  Suffolk  County  (4054) 
Anthopsida  from  Suffolk  County  (2) 

Plants  from  Erie  County  (3 ) 

Plants  from  United  States  (101) 

Tracheophyta  from  United  States 
(190) 


R.  Arthur  Johnson,  Latham,  N.  Y. 

Michael  Cacchillo,  Schenectady,  N.  Y. 
Harriet  M.  Telford,  Carmel,  N.  Y. 
Julian  Solecki,  Cutchogue,  N.  Y, 

Albert  Jaqiies,  Woodstock,  N.  Y. 

Alan  Garbiardino,  Boonville,  N.  Y. 
Arthur  Einhorn,  Lowville,  N.  Y. 

Jessie  Robinson,  Warrensburg,  N.  Y. 
Purchased 

Mrs.  Harriet  V.  S.  Roy,  Saratoga 
Springs,  N.  Y. 

Purchased 

R.  Arthur  Johnson,  Latham,  N.  Y. 

E.  B.  Christman,  Rensselaer,  N.  Y. 

R.  Arthur  Johnson,  Latham,  N.  Y. 

E.  B,  Christman,  Rensselaer,  N.  Y. 
Mrs.  Gustav  Kiefer,  Norwalk,  Conn. 
Mrs.  Lynn  Perkins,  Geneseo,  N.  Y. 


Theodore  C.  Bairn,  Schenectady,  N.  Y. 

Judith  Drumm,  New  York  State 
Museum 

Henry  F.  Dunbar,  Kingston,  N.  Y. 
Mildred  E.  Faust,  Syracuse,  N.  Y. 

Frederick  J.  Hermann,  Beltsville,  Md. 
Kenneth  Ireland,  Delmar,  N.  Y. 

Anna  E.  Jenkins,  Walton,  N.  Y. 

Clifford  Lamere,  Albany,  N,  Y, 

Roy  Latham,  Orient,  N,  Y. 

Herbert  M.  Mapes,  Richmondville, 

N.  Y. 

Norton  G.  Miller,  South  Wales,  N.  Y. 
New  York  Botanical  Garden, 

New  York,  N.  Y. 

University  of  Oklahoma,  Norman, 

Okla. 
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Plants  from  New  York  State  (253 ) 
Iris  from  Essex  County  (2) 

A  Igae  from  Suffolk  County  ( 2  ) 

My  cot  a  from  New  York  State  ( 5 ) 

Qiiercus  Hicifolia  from  Suffolk 
County  ( 1 ) 

Geology 

Mineral  collection  (400  specimens) 


Kasolite  pseiidcmorphous  after 
Liraninite  crystals  —  fergusonite 
crystals  in  feldspar  —  cyrtolite 
crystals  with  lanthanite  in 
allanite,  Essex  County,  N.  Y.; 
calcite  cleavage  showing  twinning 

—  wernerite  crystal,  Ticonderoga, 
N.  Y.;  tourmaline  crystals  in 
quartz— pyrrhotite  with  plagio- 
clase,  Brant  Lake,  N.  Y.;  pyrite 
nodules.  East  Greenwich,  N.  Y.; 
fergusonite,  Lyons  Ealls,  N.  Y.; 
pyroxene  orbicles  in  gneiss, 
Johnsburg,  N.  Y.;  complex 
vesuvianite  crystal,  Olmstedville, 
N.  Y.;  oligoclase  (sunstone), 
Ausable  Forks,  N.  Y.;  quartz 
crystal  groups  —  calcite  crystals 
with  pyrite  and  hematite  —  large 
doubly  terminated  quartz  crystal 

—  doubly  terminated  quartz 
crystal  -  John  B.  Steele 

Mine,  Lyndhurst,  Ontario,  Can.; 
betafite  with  biotite  —  betafite 
crystal  —  apatite  crystals.  Silver 
Crater  Mine,  Bancroft,  Ontario, 
Can.;  serpentine  (picrolite)  with 
deweytite.  Cedar  Hill  Quarry, 
Lancaster  County,  Pa.;  stilbite 
crystals  on  basalt,  Perkiomenville, 
Pa.;  serpentine  (chrome  picrolite). 
Woods  Chrome  Mine,  Jenkins 
Corners,  Pa.;  albite  (peristerite), 
Perth,  Ontario,  Can.;  marcasite 
in  calcite  cleavages,  Faraday 


Orra  A.  Phelps,  Wilton,  N.  Y. 

Mrs.  David  Prince,  Schenectady,  N.  Y. 

Edgar  M.  Reilly,  Jr.,  New  York  State 
Museum 

Mrs.  Clara  Schultz,  Bemis  Heights, 

N.  Y. 

George  Woodwell,  Brookhaven,  N.  Y. 


Dr.  Alva  Gwin  McCord,  Albany,  N.  Y., 
in  memory  of  her  husband,  the  late 
Dr.  Clinton  F.  McCord 

Elmer  B.  Rowley,  Glens  Falls,  N.  Y. 
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Uranium  Mine,  Bancroft,  Ontario, 
Can.;  pyrochlore  (uraniferous 
Ellsworthite  uraniferous 
Hatchettolite),  Hybla, 

Ontario,  Can. 

Collection  of  artifacts  (dreikanters, 
etc.),  Long  Island,  N.  Y. 

Barite,  Pillar  Point,  N.  Y. 

Dolomite  crystals  and  anthraxolite, 
Little  Falls,  N.  Y. 

Pyrite  crystals  in  shale, 

Kingston,  N.  Y, 

Strontianite  on  limestone, 
Voorheesville,  N.  Y. 

Idocrase,  Sanford,  Me. 

Trona,  halite  and  loughlinite, 

Green  River,  Wyo. 

Paleontology 

Trilobites  and  rubber  molds  of 
trilobites  from  the  Devonian 
of  Germany  (15) 

Pelecypod  from  the  Schoharie  grit, 
Saugerties,  N.  Y. 

Mastodon  remains,  Pleistocene, 
Summitville,  N.  Y.  (46  pieces) 
Fossils  from  the  Permian  of  Young 
County,  Tex.  (7 ) 

Titanothere  tooth,  Oligocene  of  the 
western  United  States 

Zoology 

Przewalski  horse  $  ;  Onager  $ 

Black  bear  skulls  (3 ) ;  deer  (2) ; 
bear,  skins 

North  American  mammals,  mounted 
(24) ;  African  mammals, 
mounted  (8) 

North  Atlantic  marine  fishes, 
mounted  (23) 

Collection  of  birds’  eggs  (200  sets) 

Mammal  skins  (4) ;  bird  skins  ( 14) 
Specimens  of  rare  Yellow-nosed 
vole  (6)  {Microtiis  chrotorrhiniis) 
Specimens  of  J  umping  Mouse  (110) 
{Zapus  hudsonius) 

Bird  specimens  (6) 

Loggerhead  shrike 


John  W.  Baker,  Huntington,  N.  Y. 

Ronald  Waddell,  Syracuse,  N.  Y. 
Donald  Hurley,  Little  Falls,  N.  Y. 

Robert  F.  Baker,  Kingston,  N.  Y. 

Henry  Rausch,  Voorheesville,  N.  Y. 

George  Goodwin,  Albany,  N.  Y. 
Stanley  J.  Lefond,  Diamond  Alkali 
Company,  Cleveland,  Ohio 


Dr.  H.  K.  Frben,  Bonn,  Germany 


Judith  H.  Fiero,  Saugerties,  N.  Y. 

Lane  Construction  Corp., 
Meriden,  Conn. 

Museum  of  Comparative  Zoology, 
Cambridge,  Mass. 

Dr.  Charles  K.  Winne,  Jr., 

Albany,  N.  Y. 


Catskill  Game  Farm,  Catskill,  N.  Y. 
State  Conservation  Dept., 

Albany,  N.  Y. 

Dr.  &  Mrs.  W.  Brandon  Macomber, 
Albany,  N.  Y. 

Mrs.  Mary  B.  Hecht,  Alligerville,  N.  Y. 

Mrs.  Walter  Greenwood, 

Jersey  City,  N.  J. 

Henry  Thurston,  Claverack,  N.  Y. 
James  Brower,  Albany,  N.  Y. 

James  Whitaker,  Jr.,  Cornell 
University,  Ithaca,  N.  Y. 

Miss  Mary  F.  Linch,  Albany,  N.  Y. 
Mrs.  Jack  Cook,  R.F.D., 

Castleton,  N.  Y. 
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Grosbeak  (pine) 
Chickadee;  brown  creeper; 
fox  sparrow 


David  Cook,  Albany,  N.  Y. 
Mrs.  Donald  Radke, 

East  Chatham,  N.  Y. 


Donations 

Duplicate  and  other  materials  which  were  excess  to  needs  were 
donated  to  schools,  co-operating  institutions,  and  individuals  which 
expressed  need  for  them: 


Botany 

Specimens  of  Bryophytes  (913  ) 

Unusual  species  of  Sphagnum 
(15  specimens) 

Specimens  of  Bryophytes  (33) 

Paleontology 

Fossil  specimens  (66) 

Fossil  specimens  (63) 

Fossil  specimens  (10) 

Exchanges 

Botany 

Specimens  of  Bryophytes  (488) 
Specimens  of  Bryophytes  (299) 
Specimens  of  Bryophytes  (296) 


State  University,  N.  Y.  State  College  of 
Agriculture,  Ithaca,  N.  Y. 

Prof.  William  T.  Winne,  Union 
College,  Schenectady,  N.  Y. 

Prof.  Babette  C.  Brown,  The  University 
of  Rochester,  Rochester,  N.  Y. 


Geology  Department,  Boston  College, 
Chestnut  Hill,  Mass. 

Geology  Department,  University  of 
South  Florida,  Tampa,  Fla. 

Vernon  B.  Sundown,  Tonawanda 
Reservation,  Basom,  N.  Y. 


New  York  Botanical  Garden, 

New  York,  New  York  10058 
U.S.  National  Herbarium,  Smithsonian 
Institution,  Washington,  D.C.  20025 
Canadian  National  Herbarium, 
National  Museum,  Ottawa, 

Ontario,  Can. 


Loans 

The  following  material  from  the  State  Museum  collections  was 
loaned  on  request  from  schools  or  other  institutions  and  of  scientists. 

Archeology 


Ethnological  items 
Photographs  of  Indian  Masks 
Ethnological  items 
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Albany  Medical  School,  Albany,  N.  Y. 
Y.  William  Isachsen,  Delmar,  N.  Y. 
Mrs.  Howard  Flierl,  Delmar,  N.  Y. 


Botany 

Types  and  specimens  of 

Hymenomycetes  (45 ) ;  specimens 
ot  Bryopsida  (69) 

Types  and  specimens  of  Clavaria  (7 ) 

Specimens  of  Bryopsida  (69) 

Specimen  of  Brachytheciuin 
cyrtophylluni 
Type  of  Boletus  fraternus 
Types  of  Cantharellus  (2) 

Specimens  of  Lichens  (54) 

Types  of  Hymenomycetes  (2) 

Type  of  Periconia  teniiissima 

Type  of  Pestalozzia  campsosperma 

Type  of  Helot iiim  vibrisseoides 

Types  of  Agaricaceae  (32) 

Geology 

Opal  specimens  (2) 

Fluorescent  mineral  specimens  (3  ) 
Blowpipe  analysis  kit 

Paleontology 

Type  specimens  of  fossil 
malacostracans  (21) 

Type  specimens  of  fossil 
pelecypods  (7) 

Fossil  coral  specimens  (37) 


Type  specimens  of  graptolites  (13) 

Type  specimens  of  fossil 
malacostracans  (3) 

Fossil  brachiopod  specimens  (6) 
Fossil  echinoderm  specimens  (146) 


State  University,  College  of  Forestry, 
Syracuse,  N.  Y. 

State  University  of  New  York  at 
Buffalo,  Buffalo,  N.  Y. 

The  University  of  Rochester, 
Rochester,  N,  Y. 

State  University  College  at  Geneseo, 
Geneseo,  N.  Y. 

Brown  University,  Providence,  R.  I. 

University  of  Massachusetts, 

Amherst,  Mass. 

Michigan  State  University, 

East  Lansing,  Mich. 

Canadian  Department  of  Agriculture, 
Ottawa,  Ontario,  Can. 

Ontario  Agriculture  College, 

Guelph,  Ontario,  Can. 

Commonwealth  Mycological  Institute, 
Kew,  Surrey,  England 

Dr.  W.  D.  Graddon,  Pongleton, 
Cheshire,  England 

University  of  Tennessee, 

Knoxville,  Tenn. 

Miss  Linda  Kowalski, 

Loudonville,  N.  Y. 

John  Spath,  Rensselaer,  N.  Y. 

Mrs.  William  Marleau, 

Big  Moose,  N.  Y. 

Dr.  H.  K.  Brooks,  Harvard  University, 
Cambridge,  Mass. 

Egbert  G.  Driscoll,  University  of 
Michigan,  Ann  Arbor,  Mich. 

Dr.  William  A.  Oliver,  Jr., 

U.  S.  Geological  Survey, 

Washington,  D.  C. 

Dr.  John  Riva,  McGill  University, 
Montreal,  Province  of  Quebec,  Can. 

Dr.  W.  D,  Ian  Rolfe,  Museum  of 
Comparative  Zoology, 

Cambridge,  Mass. 

Dr.  Herta  Schmidt,  Senckenbergische 
Naturforschende  Gesellschaft, 
Frankfurt-Am-Main,  Germany 

Jan  Van  Sant,  University  of  Kansas, 
Lawrence,  Kan. 
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Eurypterid  specimens  (4) 

Type  specimens  of  stromatoporids 

(in 

Type  specimens  of  fossil  brachiopods 
(9) 

Zoology 

Bird  skins 
Rattlesnake 

Warbler  skins 

Museum  Exhibits 


Erik  N.  K.  Waering,  Port  of  Spain, 
Trinidad,  West  Indies 
John  S.  Warren,  University  of  North 
Carolina,  Chapel  Hill,  N.  C. 

Donald  H.  Zenger,  Cornell  University, 
Ithaca,  N.Y. 

Eranklin  School,  Schenectady,  N.  Y. 
American  Museum  of  Natural  History, 
New  York,  N.  Y. 

Adelphi  College,  Long  Island,  N.  Y. 


Planning  and  Design 

The  two  exhibits  planners,  whose  assistance  was  provided  by  the 
NDEA  (Title  111),  were  lost  to  the  Museum  program.  David  Roberts 
left  early  in  the  year  to  assume  a  teaching  position  near  Cleveland, 
Ohio,  while  his  assistant,  Kenneth  Hasson,  went  into  the  military  service 
near  the  end  of  the  period. 

The  completion  of  the  northeast  and  south  walls  of  Paleontology 
Hall,  two  Biology  Hall  corridors  (for  an  exhibit  on  bird  art),  and  an 
Alaskan  wildlife  exhibit  highlighted  the  year’s  accomplishments.  Much 
of  the  designer’s  time  was  occupied  in  designing,  engineering,  and 
supervising  these  projects,  and  in  ordering  (and  recording)  the  diversity 
of  required  materials. 

In  the  Hall  of  Ancient  Life,  the  remaining  120-foot  section  of  the 
210-foot  structure  along  the  south  wall  was  completed.  This  last  span 
incorporates  two  40-foot  bays  which  have  acoustical  ceilings  to  localize 
lectures.  The  first  part  of  the  north  wall  (a  curved,  70-foot  facade  which 
complements  the  design  and  color  of  the  opposite  wall)  was  nearly 
complete  by  the  end  of  the  year.  All  exhibit  walls  have  been  covered 
with  a  decorative,  durable,  plastic  fabric.  All  hidden  structures  will  be 
coated  with  fire-retardent  paint.  New  exhibits  finished  during  the  year 
were  on  sedimentary  rocks,  uses  of  fossils,  bryozoans,  and  two  dioramas 
—  Texas  Permian  and  hypersaline  Silurian.  Exhibits  under  construction, 
but  still  incomplete,  were  echinoderms  (crinoids),  a  cephalopod  slab 
and  mollusk  pillar,  an  eurypterid  slab  and  trilobite  pillar,  and  an 
Ordovician  black  shale  diorama.  A  model  was  completed  for  an 
Ordovician  diorama,  as  was  a  detailed  scale  model  and  mock-up  panels 
on  the  history  of  evolution  for  a  future  dramatic  entrance  to  Paleon¬ 
tology  Hall. 
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A  modern  diorama  showing  life  of  the  Silurian  period  in  western  New  York  was  created  by  adding  brachiopods,  snails,  and  worms 
to  two  eurypterids  of  the  Museum’s  World  War  I  era,  and  placing  the  assemblage  in  a  new  setting. 


In  Biology  Hall,  the  two  44-foot  entrance  corridors  were  remodeled 
into  an  attractive  and  functional  setting  for  a  future  explanation  of  bird 
art  in  science.  Plans  for  the  exhibit  were  submitted  in  a  38-page  report 
by  Mrs.  Aileen  Merriam,  of  Austin,  Tex. 

Alaskan  Wildlife  Exhibit  —  a  24-foot  display  unit  was  tailored  to 
contain  some  of  the  collection  of  Alaskan  big  game  animals  which 
had  been  donated  to  the  Museum  by  Dr.  and  Mrs.  Macomber.  The 
unique  setting  includes  walnut  paneling,  artificial  snow,  luminous 
ceiling,  scenic  vignettes,  and  animal  silhouettes.  Slides  were  selected 
for  a  companion  show  in  the  Little  Theater.  The  30-foot  synoptic 
mammal  exhibit  was  given  an  educational  face  lifting  with  new  labels 
and  arrangement.  The  Hecht  collection  of  marine  fish  was  arranged 
and  labeled  for  display.  Over  100  photographs  were  mounted,  labeled, 
and  installed  for  the  following  shows: 

“Noted  from  Nature,”  by  Arnold  Le  Fevre,  Chief 
Photographer,  Albany  Knickerbocker  News 
“Here  and  There,”  by  Bernard  Kolenberg,  Staff 
Photographer,  Albany  Times  Union 
“Striking  Pose,”  by  Nick  Drahos,  Cine-Conservation 
Educator,  New  York  State  Conservation  Department 

The  second  permanent  exhibit  was  installed  in  Orientation  Hall;  it 
describes  the  geology  of  New  York  State.  Temporary  displays  include 
a  stamp-insect  collection  gathered  by  the  Curator  of  Entomology,  and 
artifacts  uncovered  at  the  Garoga  site  by  the  Junior  Archeologist. 

Preparation 

A  number  of  projects  were  completed  for  the  new  Hall  of  Ancient 
Life.  Among  these  were  included  the  diorama  section  for  the  exhibit 
on  sedimentary  rocks;  accessories  for  the  uses  of  fossils  exhibit;  a 
new  model  of  horn  coral  for  the  coelenterate  case;  an  enlarged 
translucent  model  of  a  bryozoan  and  a  number  of  smaller  internally 
carved  models  fitted  into  it;  and  a  full-scale  model  of  a  floating  sea-lily 
was  made  for  mounting  in  front  of  the  crinoid  slab.  A  diorama  on 
the  Texas  Permian  Desert  was  completed,  as  was  the  armored  fish 
(Devonian)  diorama.  Specimens  were  modeled  for  the  Devonian 
Normal  Marine  display,  and  casts  of  archeopteryx  and  a  fossil  hoax 
were  made  and  colored  for  future  exhibits. 

Work  on  a  new  restoration  of  the  Naples  Tree  was  concluded  during 
this  period.  A  base  was  modeled  in  concrete,  and  an  8-foot  fluorescent 
fixture  installed  in  the  lower  trunk  to  illuminate  the  fossil  slab  on  the 
wall  behind  the  reconstructed  tree,  which  now  stands  in  the  foyer. 
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A  temporary  exhibit  on  “Wildlife  of  Alaska”  utilized  specimens  which  were  donated  to  the 
State  Museum  by  Dr.  and  Mrs.  W.  Brandon  Macomber  of  Albany. 


Three  wax  restorations  of  fossil  fishes  made  on  outside  contract 
were  recast  in  epoxy  for  greater  durability  and  lightness.  Two  large 
models  of  eurypterids  and  two  of  trilobites  were  recolored  and  re¬ 
finished  for  installation  in  the  Hall  of  Ancient  Life.  More  than  30 
specimens  of  reptiles  and  amphibians  on  exhibit  were  renovated  and 
provided  with  improved  bases.  New  cases  and  display  installations  for 
these  specimens  are  presently  under  construction.  Since  some  of  the 
reflections  caused  by  windows  in  Biology  Hall  have  been  reduced,  it 
has  been  possible  to  balance  the  lighting  in  the  beaver  group  and 
install  permanent  fixtures.  Lighting  in  the  six  Indian  groups  has  been 
restored  as  far  as  possible  to  its  original  arrangement.  Extensive  repair 
work  was  required  to  restore  the  bark  house,  much  of  the  original 
material  being  in  poor  condition  and  extremely  fragile  with  age.  A 
number  of  skins  (deer,  bear,  etc.)  were  donated  by  the  New  York  State 
Conservation  Department,  and  prepared  in  the  Museum  exhibit 
laboratory  for  use  in  the  bark  house.  Two  pack  frames  and  their 
accompanying  tumplines  were  constructed  and  six  replicas  of  bird 
traps  were  made,  all  to  be  used  in  the  bark  house.  For  the  same  exhibit, 
a  clay  model  for  the  figure  of  an  Indian  girl  was  also  begun.  Replicas 
of  Iroquois  false  faces  and  casts  of  the  skulls  of  fossil  hominids  were 
made,  as  well  as  molds  for  reproducing  replicas  of  Indian  carved  spoons 
and  15  projectile  point  types. 

The  Hecht  marine  fish  collection,  consisting  of  23  specimens,  was 
retouched  and  renovated  for  exhibition  in  Biology  Hall;  a  layout  was 
prepared  and  the  specimens  were  installed.  Two  trips  were  made  to 
the  Catskill  Game  Farm  to  collect  the  complete  skins  and  skeletons 
of  a  Przewalski  horse  and  an  onager,  which  were  prepared  for  the 
research  collections.  Three  black  bear  skulls  were  prepared  from  fresh 
specimens  for  the  research  collections. 

As  a  result  of  construction  work  under  way  in  the  Hall  of  Ancient 
Life,  it  was  necessary  to  clean  the  mastodon  exhibit  twice  during  the 
past  year.  A  relief  map  of  the  New  York  harbor  area  was  cleaned  and 
restored  for  a  photograph  requested  by  the  Governor’s  Office.  The 
large  relief  map  of  New  York  State  in  Orientation  Hall  was  washed  and 
on  several  occasions  retouched.  The  Gilboa  fossil  forest  exhibit  was 
repaired  and  retouched,  and  the  lighting  fixture  was  repaired.  Several 
hundred  of  the  smaller  mounted  birds  and  mammals  in  Biology  Hall 
were  cleaned,  and  two  bronze  sculptures  by  Anna  Hyatt  Huntington 
were  cleaned  and  refinished. 

The  Public 

Following  a  50  per  cent  increase  in  attendance  in  1960-61,  visita- 
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tion  declined  in  1961-62  (from  220,000  to  204,000,  or  about  7  per 
cent).  The  figures  are  based  on  sample  counts  of  visitors  to  the  exhibit 
halls  on  84  of  the  324  days  that  the  Museum  was  open.  Comparison 
of  the  data  for  the  2  years  shows  that  almost  all  of  the  decrease  occurred 
on  weekdays,  when  attendance  in  1960-61  was  175,250  and  in  1961-62 
was  158,250.  Saturdays  showed  a  slight  increase  over  1960-61  (35,880 
compared  with  32,000),  while  holiday  use  was  reduced  almost  50  per 
cent  (3,555  against  6,144).  Attendance  on  the  14  summer  Sundays 
in  1961-62  was  slightly  less  than  on  the  same  number  of  Sundays  in 
1960-61  (6,01 1  versus  6,057).  This  comparatively  poor  showing,  which 
has  steadily  worsened  over  the  years  since  World  War  11,  has  lead 
to  the  decision  (discussed  on  page  20)  to  change  the  Sunday  openings 
to  other  seasons  of  the  year. 

Highest  daily  count  for  the  reporting  year  (1,831)  occurred  on 
Saturday,  March  17,  1962,  the  day  of  the  St.  Patrick’s  Day  parade. 
Highest  count  on  a  normal  weekday  was  1,077  (March  7).  Lowest 
count  recorded  (January  4,  a  Thursday)  was  226.  The  average  attend¬ 
ance  for  the  324  open  days  was  629,  compared  with  654  for  the 
same  number  of  days  in  1960-61. 

The  Department  Nurse  was  called  to  give  medical  assistance  to  20 
visitors,  all  of  whom  were  youngsters  in  school  classes.  Only  three 
minor  accidents  occurred  during  the  year. 

The  Museum  guards  have  continued  to  carry  out  their  routine  duties 
efficiently,  and  have  performed  numerous  other  helpful  services.  Ex¬ 
hibit  cases  have  been  painted  and  glass  washed.  Cases  in  Morgan  Hall 
were  moved  under  the  direction  of  the  Curator.  Assistance  was  given 
the  exhibits  preparation  staff  in  washing  the  large  State  relief  map, 
and  200  field  notebooks  for  the  Geological  Survey  were  hand-stamped. 
The  electric  lift  was  used  to  remove  torn  blinds  from  the  skylights  in 
Paleontology  and  Geology  Halls.  Light  bulbs  were  replaced  and  glass 
cleaned  in  all  lighted  exhibits  as  often  as  necessary.  The  guards  assisted 
in  an  extensive  cleaning  of  the  Indian  bark  house.  At  the  request  of 
the  Botany  Section,  the  guards  changed  the  pollen  slides  on  the  roof 
of  the  Annex  on  Saturdays,  Sundays,  and  holidays. 

During  the  year,  several  changes  occurred  in  the  guard  staff.  Francis 
J.  Lynch,  who  was  injured  in  an  auto  accident,  was  replaced  by 
Alvin  N.  Turner,  who  had  been  on  the  Building  Guard  staff.  Edward  W. 
McCarthy  started  work  in  the  Museum  on  March  22,  replacing  James 
Carroll,  who  left  to  work  in  the  Watervliet  Arsenal.  Robert  H.  Cun¬ 
ningham  occupied  both  these  positions  temporarily,  until  they  were 
filled  with  permanent  guards  from  a  Civil  Service  list. 
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Special  Services 


Museum  Interpretation — Education  Program 

MORE  FLEXIBLE  AND  VARIED  program  was  made  possible  this 


rs.  year  by  an  increase  in  staff,  which  was  financed  by  the  NDEA 
(Title  III).  The  services  of  a  full-time  secretary  greatly  increased  the 
efficiency  of  the  Museum  Education  Office,  and  freed  the  Supervisor 
and  Instructors  from  a  number  of  time-consuming,  routine  duties. 

In  September,  C.  Michael  Darcy  was  appointed  to  the  position  of 
Instructor  (NDEA),  which  was  left  vacant  by  the  resignation  of  Gerald 
Schneider.  Helen  McCulloch  served  as  part-time,  temporary  Instructor 
(NDEA)  from  February  to  June. 

Each  NDEA  Instructor  concentrated  on  the  improvement  of  lesson 
tours  and  teacher  training  in  a  single  subject.  Mr.  Darcy  developed  a 
conservation  tour  for  which  he  wrote  Conservation,  a  statement  of 
conservation  problems  with  bibliography.  He  also  built  up  a  leaflet 
and  reprint  file  of  conservation  literature,  and  conducted  two  teacher 
workshops.  Mrs.  McCulloch  gave  39  geology  tours,  assisted  with  four 
teacher  workshops,  and  catalogued  the  geology  demonstration  ma¬ 
terials  and  specimens  for  lending  sets. 

Prior  to  his  resignation  in  February  1962,  James  W.  Manley, 
Associate  Curator  (Interpretation),  devoted  the  major  part  of  his  time 
to  NDEA  administration  and  the  work  of  staff  secretary  for  the  Com¬ 
missioner’s  Committee  on  Museum  Resources.  During  the  summer  of 
1961,  the  Museum  Education  Supervisor  studied  educational  programs 
of  European  museums  and  zoos.  She  reported  her  findings  at  a  panel 
discussion  on  “European  Museums”  at  the  Northeast  Museums  Con¬ 
ference,  and  in  an  article  for  the  Museologist. 

The  Museum  Instructor  wrote  Iroquois  Culture,  Educational  Leaflet 
No.  5,  finished  the  manuscript  for  Mastodons  and  Mammoths  of  New 
York  State,  and  compiled  Visiting  the  State  Museum,  a  teacher’s  guide 
describing  various  services.  Distribution  of  the  guide  to  all  schools 
in  the  State  marks  a  major  advance  in  the  Museum’s  communication 
with  teachers,  and  resulted  in  an  increased  demand  for  educational 
leaflets;  however,  it  occurred  too  late  in  the  season  to  influence  group 
visits. 

The  part-time  temporary  Instructor  contributed  substantially  by 
giving  208  tours  —  22  per  cent  of  the  total  number  given. 


42 


Instruction  for  Visiting  Groups 

Total  group  attendance  was  34,159,  an  11  per  cent  increase  over 
last  year.  Of  the  29,843  children  visiting  in  school  groups,  21,369  or 
73  per  cent  were  given  instruction  by  the  Museum  staff.  Seventeen 
per  cent  of  the  943  tours  were  general,  while  83  per  cent  covered  one 
or  two  specific  topics  in  the  field  of  natural  science. 

Data  for  958  groups  show  that  67  per  cent  originated  within  a 
50-mile  radius  of  Albany;  27  per  cent  came  a  distance  of  50  to  150 
miles;  3  per  cent  from  over  150  miles;  3  per  cent  were  from  outside 
the  State. 

Tours  continued  to  be  adapted  to  individual  class  requirements; 
however,  more  emphasis  was  placed  on  the  structured  lesson-tour 
designed  to  demonstrate  Museum  teaching  methods  and  to  introduce, 
clarify,  or  survey  a  topic  for  the  benefit  of  the  teacher,  as  well  as  the 
students.  Whenever  available  for  the  topic  of  the  tour,  background 
materials  were  distributed  to  teachers.  About  600  of  the  1,312  teachers 
accompanying  school  groups  benefited  from  structured  lesson-tours. 

The  addition,  late  in  the  spring,  of  an  attractive  new  classroom  for 
Indian  tours,  convenient  to  the  bark  house,  makes  it  possible  to  give 
double  the  number  of  lesson-tours  at  a  given  time  and  materially  lessens 
the  confusion  caused  by  changing  materials  between  demonstrations. 
An  additional  classroom  is  needed  to  separate  biology  and  earth  science 
demonstration  materials. 

A  major  step  forward  in  the  analysis  of  visiting  trends  and  services 
has  been  made  by  the  transfer  of  group  records  to  IBM  forms. 

Workshops  for  Teachers 

An  experimental  program  of  teacher  workshops,  with  cosponsorship 
by  the  Capital  Area  School  Development  Association,  was  undertaken 
last  year.  Because  of  its  success,  the  program  was  expanded  in  1961-62 
to  include  nine  workshops  and  three  field  trips,  which  were  attended 
by  325  teachers  from  42  CASDA-member  schools.  Workshop  subjects 
were  Iroquois  Culture  and  Foods,  New  York  State  Rocks  and  Minerals, 
Teaching  Conservation,  Paleontology  of  New  York,  and  Care  of 
Animals  in  the  Classroom.  The  Curator  of  Zoology  conducted  two 
field  trips  to  observe  winter  wildlife  at  the  Alan  DeVoe  Sanctuary, 
Old  Chatham.  Dr.  Philip  Hewitt,  of  Union  College,  and  William 
McClennan,  of  Scotia-Glenville  Central  School,  conducted  64  teachers 
on  an  all-day  geological  field  trip  in  the  Albany  area.  Resource  ma¬ 
terials  in  the  form  of  leaflets,  reprints,  and  outlines  were  distributed 
at  each  workshop  or  field  trip  meeting.  The  workshops,  conducted  by 
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the  Museum  Education  staff,  utilized  both  Museum  exhibits  and 
appropriate  demonstration  materials.  Under  the  workshop  program 
the  Museum,  aided  by  NDEA  funds,  contributed  staff,  facilities,  and 
some  materials,  and  CASDA  handled  publicity,  registration,  refresh¬ 
ments,  and  transportation  for  field  trips. 

Lending 

Thirty  fossil  collections,  4  Indian  artifact  collections,  and  130 
mineral  collections  were  loaned  to  schools  during  1961-62.  Individual 
collections  were  often  used  by  a  number  of  teachers  in  their  classrooms, 
or  were  exhibited  for  the  entire  student  body.  The  effectiveness  of 
all  collections  would  be  greatly  enhanced  by  the  addition  of  study 
guides. 

Lending  procedures  were  greatly  facilitated  by  the  acquisition  of 
fiberboard  mailing  boxes.  The  Indian  artifact  sets  were  improved  by 
the  addition  of  objects  of  contemporary  Indian  manufacture,  and  a 
collection  of  animal  skins  was  purchased  and  loaned  to  a  school 
museum.  A  portable  exhibit  on  leaf  preparation,  built  primarily  for 
use  at  the  summer  conference  of  the  Science  Teachers'  Association 
of  New  York  State,  was  also  used  by  a  school  system  to  stimulate 
interest  in  Science  Congress  projects. 

Future  Objectives 

Maximum  instruction  load  and  use  of  present  exhibit  halls  and 
classrooms  is  being  achieved  during  much  of  the  school  year.  The 
program  to  improve  natural  science  instruction  and  use  of  the  Museum 
should  be  expanded  in  three  areas: 

1.  Resource  materials  for  teachers  in  each  tour  subject. 
(Approximately  twice  as  many  educational  leaflets  were 
printed  and  distributed  this  year. ) 

2.  The  lending  program  to  encourage  use  of  actual  speci¬ 
mens  in  science  teaching 

3.  The  Teacher  Workshop  program 

Time  is  the  prime  requirement  to  accomplish  the  above.  Since  74 
per  cent  of  teaching  time  is  devoted  to  Indian  lessons,  the  greatest 
single  need  is  an  additional  Instructor,  trained  in  anthropology.  The 
entire  educational  program  is  still  hampered  by  lack  of  lunchroom 
facilities  and  of  adequate  coatroom  space. 

Science  Congress  Award  Program 

The  Curator  and  the  Museum  Education  Supervisor  attended,  re¬ 
spectively,  the  summer  and  winter  conferences  of  the  Science  Teachers’ 
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Association  of  New  York  State  to  discuss  problems  which  arose  in 
connection  with  the  Museum’s  program  to  honor  regional  Science 
Congress  Award  winners  by  displaying  their  exhibits.  As  a  result, 
descriptive  folders  and  forms  were  prepared  to  aid  winners  in  preparing 
their  projects  for  display.  The  Curator  and  the  NDEA  Instructor  acted 
as  co-ordinators  for  the  accommodation  and  instruction  of  the  following 
students  who  came  to  the  Museum  to  install  their  Science  Award 
displays: 

Radio  Astronomy.. ............................Terry  Gerill,  Rochester 

Crystal  Formation............................Jon  Gardner,  Wellsville 

Story  of  Blood........ Margaret  and  Kathleen  Klotz,  Lafayette 

Rocks  and  Minerals.......................... Eric  Sherman,  Mohawk 

Paleozoic  Life............................ Michael  Meals,  Burnt  Hills 

Related  Activities 

Sales  Desk 

During  the  past  year,  the  stock  at  the  sales  desk  has  been  extended 
to  include  some  new  publications,  colored  slides,  gemstones,  and  rock 
picks  and  chisels.  The  sales  total  for  the  year  was  $4,157.87.  The 
most  significant  group  of  items  demanded  by  the  visitors,  and  the 
number  of  items  sold  during  the  year,  were  plastic  dinosaur  models 
(3,549),  pamphlets  and  books  (2,416),  mineral  kits  (542),  model 
and  beadcraft  kits  (517),  and  gemstone  sets  (486).  A  receptionist  at 
the  sales  desk  would  improve  relations  with  the  public,  and  would 
relieve  guards  to  help  with  school  groups  on  crowded  days. 

Conference  and  Meetings 

The  Instructor  and  part-time  temporary  Instructor  visited  the 
Science  Service  field  work  at  Garoga,  N.  Y.,  to  gain  a  better  under¬ 
standing  of  archeological  field  methods.  During  the  year,  the  four 
staff  members  visited  a  total  of  22  museums  and  outdoor  areas  in 
New  York  State,  and  11  institutions  in  other  States,  to  study  exhibits 
and  educational  programs.  In  addition,  the  Supervisor,  at  her  personal 
expense  but  on  official  time,  visited  10  museums  and  zoos  in  northern 
Europe  for  the  same  purpose. 

Museum  Library 

Routine  maintenance  of  service  to  the  staff  continued  to  increase, 
as  have  honoraria  reports,  routine  accessions,  interlibrary  loans,  and 
new  periodical  acquisitions.  Many  new  books  were  acquired,  either  as 
departmental  loans  or  as  gifts  from  institutions  or  individuals.  The  first 
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shipment  of  a  proposed  binding  project  was  prepared  and  executed  with 
the  assistance  of  the  State  Library,  Technical  Processes  Section.  Library 
space  was  reclaimed  as  needed  by  placing  holdings  in  dead  storage  or 
transferring  to  State  Library,  Gifts  and  Exchange  Section.  Requests 
for  publications  exchange  were  acted  upon  by  the  Museum  Librarian. 
Among  the  additions  to  the  existing  list  were  institutions  in  England, 
Scotland,  Russia,  and  Thailand. 

The  Museum  Annual  Report  was  mailed  from  the  Museum  Library 
(to  list  exclusive  of  exchange).  Bulletins  384  and  386  were  sent  to 
review  editors.  The  master  mailing  list  (addressograph ) ,  the  Museum 
and  State  Library’s  routing  lists,  staff  recommendations  for  purchase 
by  State  Library,  correspondence,  reference  work,  and  borrowing  from 
State  Library  were  all  executed  through  the  Museum  Library.  A 
bibliography  of  science  dictionaries  was  prepared,  and  the  geology 
bibliography  was  maintained.  United  States  Geological  Survey  quad¬ 
rangle  maps  were  reorganized,  and  pertinent  ones  transferred  to  the 
Geological  Survey  Office. 

The  Museum  Librarian  was  asked  to  prepare  two  space  requirements 
surveys. 

The  following  tabulated  information  indicates  the  nature  and  quantity 
of  library  services: 


Accessions  . . 3,490 

Transfers  to  State  Library,  Gifts  and  Exchange..  733 

New  books  received  (gifts) . . . .  15 

New  books  received  (purchases ) .  25 

New  periodical  subscriptions .  3 

Recommendations  of  staff  (for  purchase  by  State 

Library)  searched  by  Museum  Librarian......  100  (approx.) 

Interlibrary  loans  . .  54 

New  exchanges  initiated  . . . . .  10 

Honoraria  reports  received . 8 

Mailing  list  additions . . . 15 


Photography 

A  total  of  118  approved  requisitions  were  processed  during  the 
year.  This  work  resulted  in  the  following:  469  black  and  white  photo¬ 
graphs  were  taken,  976  negatives  processed  from  field  photographs, 
and  2,082  prints  and  enlargements  made  from  the  preceding.  In 
addition,  184  projection  slides  were  prepared,  288  color  photographs 
were  taken,  and  39  special  enlargements  were  made.  This  production 
was  about  the  same  as  in  1960-61. 

The  work  included  both  field  and  office  assignments,  and  was  dis¬ 
tributed  throughout  the  various  sections  as  follows.  (1)  Archeology: 


47 


Summer  archeological  field  collections  and  borrowed  specimens  col¬ 
lected  at  Barren  Island  and  Staten  Island  sites  were  photographed. 
Negatives  were  borrowed  from  Rochester  Museum  of  Arts  and 
Sciences;  prints  were  made  from  these  for  a  new  book,  New  York 
State  Archeology,  as  well  as  slides  for  lectures.  Several  wood  figurines 
on  loan  from  Einhorn  and  Don  Chase  collections  were  photographed. 
Prints  were  prepared  for  the  Staatliches  Museum  of  Munich,  Germany, 
and  for  Holt  Book  Company.  (2)  Biological  Survey:  Photographs  were 
prepared  for  pollen  collecting  studies.  Medical  entomology  studies  in¬ 
cluded  photographs  of  eastern  encephalitis  and  punkie  research.  Forest 
insect  studies  included  photographs  of  white  pine  weevil,  gypsy  moth 
biology,  and  biological  control  methods.  Photographs  were  prepared 
for  small  mammal  studies,  and  maps  were  reproduced  for  Handbook 
of  North  American  Birds.  Photos  were  made  for  an  article  in  Bulletin 
to  the  Schools.  (3 )  Geological  Survey:  Photographs  were  prepared  for 
Helderberg  and  Chautauqua  County  bulletins  and  symposium  on  salt 
of  New  York  State.  Photographs  were  taken  at  meetings  of  Association 
of  American  State  Geologists.  Several  sets  of  color  slides  were  made 
for  talks  by  members  of  the  geology  staff;  subjects  included  geologic 
map  of  New  York  State,  new  geology  laboratories  and  equipment,  salt 
charts,  and  fossil  specimens.  Photographs  of  type  specimens  were  sent 
to  Imperial  College  of  Science  and  Technology,  London,  and  University 
of  Leeds,  England.  (4)  Exhibits  Section:  Photographs  were  made 
showing  progress  of  construction  for  new  exhibits  and  of  several 
recently  completed  exhibits,  including  the  Hecht  collection  of  fishes 
and  Macomber  mammals. 

Prints  were  prepared  for  an  article  in  Time  magazine,  and  photo¬ 
graphs  were  taken  of  new  laboratories  and  equipment  in  use  in  the 
Annex.  Illustrations  were  prepared  for  a  Graduate  Student  Honorarium 
announcement.  Science  Fair  award-winning  students  were  photo¬ 
graphed  with  their  exhibits.  Requests  for  photographic  services  by 
the  Department  included:  Personnel  retirement  ceremonies;  academic 
Regents  Review  Commission  publicity  photos  for  public  relations  unit 
of  Commissioner’s  Office,  and  Commissioner’s  Committee  on  Museum 
Resources.  Routine  activities  of  the  photographic  unit  included  check¬ 
ing  and  requisitioning  photographic  supplies,  minor  repairs  to  cameras, 
enlarger,  and  processing  equipment. 
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Publications 


Only  two  Museum  bulletins  (one  an  annual  report)  were  printed 
in  1961-62.  They  totaled  225  pages  of  text  and  37  plates  and  charts. 
Three  Museum  leaflets  totaling  80  manuscript  pages,  and  a  pocket- 
sized  teacher’s  guide  for  museum  visits,  were  reproduced  by  the 
multilith  process.  Members  of  the  stalf  published  22  articles,  papers, 
and  notes  in  outside  journals,  books,  and  encyclopedias.  These  writings 
comprised  about  1,000  printed  pages. 

At  the  close  of  the  year,  six  manuscripts  had  been  accepted  for 
publication.  Three  of  these  papers  were  in  process  of  printing,  one  as 
a  bulletin  and  two  in  the  map-and-chart  series. 

Publications 

State  Museum  and  Science  Service 

1962  123d  Annual  Report  of  the  New  York  State  Museum  and  Science 

Service,  July  1,  1960-June  30,  1961.  N.  Y.  State  Mus.  &  Sci.  Serv. 
Bull.  No.  387,  76pp.,  11  pis.  3  charts 

Funk,  R.  E. 

1961  How  archeologists  dig  and  why.  Educational  Leaflet  Series 
No.  11,  4pp.,  2  figs. 

Ogden,  E.  C.  &  Raynor,  G.  S. 

1961  Tagging  and  sampling  ragweed  pollen.  Progress  Report  No.  2. 
(March  1,  1960-February  28,  1961).  N.  Y.  State  Mus.  &  Sci. 
Serv. 

Rickard,  Lawrence  V. 

1962  Late  Cayugan  (upper  Silurian)  and  Helderbergian  (lower 
Devonian)  stratigraphy  in  New  York.  N.  Y.  State  Mus.  &  Sci. 
Serv.  Bull.  386,  157pp.,  28  figs. 

In  Outside  Media 

Cahalane,  V.  H. 

1961  African  discovery  in  Discovery:  great  moments  in  the  lives  of 
outstanding  naturalists,  pp.  83-96.  J.  B,  Lippincott 


1962  National  parks  —  a  world  need.  100pp.  Spec.  Publ.  14,  Amer. 
Comm,  for  Internal.  Wildlife  Protection 

Collins,  D.  L.  (editor) 

1961  Mosquito  news.  Jour.  Amer.  Mosq.  Control  Assoc.  September 


1962  and  December,  1961  (v.  21,  Nos.  3  &  4);  March  and  June, 
1962  (v.  22,  Nos.  1  &  2) 


49 


Connola,  D.  P. 

1961  Portable  mistblower  spray  tests  against  white  pine  weevil  in 
N.  Y.  Jour.  Forestry,  v.  59,  No.  10,  pp.  764-765 

Fenton,  W.  N. 

1962  Ethnohistory  and  its  problems.  Ethnohistory,  v.  9,  No.  1,  pp.  1-23 


1962  Lewis  Henry  Morgan  (1818-1881):  pioneer  ethnologist,  pp. 
v-xviii.  Corinth  reprint  of  The  League  of  the  Iroquois.  The 
American  Experience  Series  AE  12.  New  York,  The  Citadel 
Press 

Fisher,  D.  W. 

1962  Small  conoidal  shells  of  uncertain  affinities  —  treatise  on  in¬ 
vertebrate  paleontology,  v.  W,  pp.  98-143,  34  figs. 


1962  How  to  collect  fossils  —  The  Conservationist,  December-January 
(1961-62)  p.  48,  1  pi. 


1962  Mirror  to  the  past  —  The  Conservationist,  December-January 
(1961-62),  pp.  21-27,  4  col.  pis.,  3  figs. 

Isachsen,  Y.  W. 

1962  Geological  history  of  the  Adirondack  Mountains  —  The  Con¬ 
servationist,  June-July,  pp.  27-31 

Kreidler,  W.  L. 

1962  Gas  and  oil  developments  in  New  York  State,  1961.  Amer. 
Assoc,  of  Petroleum  Geologists  Bulk,  v.  46,  No.  6,  pp.  772-777 

Ogden,  E.  C.,  Raynor,  G.  S.,  Singer,  I.  A,  &  Smith,  M.  E. 

1961  Pollen  sampling  and  dispersion  studies  at  Brookhaven  National 
Laboratory.  A.P.C.A.  Journal  11  (12):  557-562  (October) 

Palmer,  R.  S.  (editor) 

1962  Handbook  of  North  American  birds,  v.  1,  New  Haven  and 
London.  Yale  Univ.  Press.  567pp.,  6  pk,  map  and  text  figures. 

Reilly,  E.  M.,Jr. 

1961  Articles:  Shrike,  kingfisher,  kingbird,  rail,  tanager,  canary,  gull 

1962  and  tern  and  guinea  fowl.  Encyclopaedia  Britannica  Junior 

Ritchie,  W.  A. 

1961  Highway  construction  and  salvage  problems.  Archeology,  v.  14, 
No.  4,  pp.  241-244.  (December) 


1962  Archeology:  western  hemisphere.  Encyclopaedia  Britannica  Book 
of  the  Year,  pp.  35-38 

Van  Tyne,  A.  M. 

1962  Exploration  in  New  York  —  international  oil  and  gas  develop¬ 
ment  review,  1961,  Pt.  1.  International  Oil  Scouts  Assoc,  v.  32, 
pp.  219-226.  (September) 
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Appendix  A 


1962  Graduate  Studeut  Honoraria  Recipients 

Anthropology 

Blau,  Harold  —  Columbia  University 

Observation  and  participation  in  Longhouse  ceremonies,  notably 
Green  Corn  Dance  . . . . . . . . . . . . $  480 

Harrell,  Dorothy  S.  —  Catholic  University 

Vocables  in  Seneca  music:  a  study  in  cultural  stability .  480 

Entomology 

Carter,  George  F.  —  New  York  State  College  of  Forestry  at 
Syracuse  University 

Effects  of  DDT  on  wildlife  . .  600 

Geology 

Burtner,  Roger  L.  —  Harvard  University 

Regional  study  of  the  rocks  and  sedimentary  structures  which 
comprise  the  Catskill  ‘delta’  of  southeastern  and  south  central 
New  York  . . . . . . . .  276 

Carluccio,  Leeds  M.  —  Cornell  University 

Fossil  plants  of  eastern  New  York  (Onteora  formation) . . .  144 

Feetcher,  Frank  W.  —  The  University  of  Rochester 

Geologic  mapping  of  the  “Catskill  group”  in  southeastern  New 
York  State . . . . .  600 

Matten,  Lawrence  C.  —  Cornell  University 

Paleobotanical  collecting  in  Catskill  area  (Onteora  formation)  144 

ScHOPF,  Thomas  J.  M.  —  Ohio  State  University 

Conodont  biostratigraphy  of  the  Trenton  stage  (Ordovician) 
in  Black  River  Valley  . . . . . .  504 

Shaw,  Frederick  C.  —  Harvard  University 

Study  of  the  trilobites  of  the  Chazy .  360 

Zoology 

Brower,  James  E,  —  Syracuse  University 

Relationship  between  habitat  selection  and  water  metabolism 
in  jumping  mice  . . . . . . .  480 

Richards,  William  J.  —  Cornell  University 

Studies  on  the  basic  biology  of  darters .  480 

$4,548 
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Appendix  B 

Conferences  and  professional  meetings  in  which  the  Museum  and 
Science  Service  staff  participated: 

American  Academy  of  Allergy,  Denver,  Colo.  —  Ogden* 

American  Anthropological  Association,  Philadelphia,  Pa.  —  Fenton, 

Stone 

American  Association  of  Icthyologists  and  Herpetologists,  Washington, 

D.  C.  —  Stone 

American  Association  of  Museums,  annual  meeting,  Williamsburg,  Va.  — 
Cahalane,  Rothman,  Weyhe 

American  Association  of  Museums,  conference  on  summer  institutes  in 
anthropology  and  astronomy  for  teachers,  New  York  City  —  Fenton 
American  Association  of  State  Geologists,  Albany,  N.  Y.  —  Fenton 
American  Committee  for  International  Wildlife  Protection,  New  York 
City  —  Cahalane 

American  Ethnological  Society,  annual  meeting,  New  York  City  — Fenton 
American  Indian  Ethnohistoric  Conference,  Providence,  R.  I.  —  Fenton* 
American  Institute  of  Mining  Engineers,  New  York  City  —  Broughton, 
Davis 

American  Mosquito  Control  Association,  Galveston,  Tex.  —  Collins 
American  Ornithologist  Union,  Bird  Handbook  Conferences,  New 
Haven,  Conn.,  Washington,  D.  C.,  and  Lawrence,  Kans.  —  Palmer 
American  Petroleum  Institute,  Bradford,  Pa.  —  Van  Tyne 
American  Society  for  Tropical  Medicine,  Washington,  D.  C.  —  Collins 
American  Society  of  Mammologists,  Middlebury,  Vt.  —  Cahalane, 
Connor,  Stone 

Association  of  Colleges  and  Universities  of  the  State  of  New  York,  panel 
on  New  York  State  Foundation  for  Science  and  Technology  — Fenton* 
Association  of  Directors  of  Science  Museums,  Washington,  D.  C.  — 
Cahalane 

Atmospheric  Sciences  Advisory  Council  Research  Center,  Whiteface 
Mountain,  Wilmington  Notch,  N.  Y.  and  Rensselaerville,  N.  Y.  — 
Fenton 

Boone  and  Crockett  Club,  New  York  City  —  Cahalane 
Canadian  Institute  of  Mining  Engineering  and  the  American  Institute  of 
Mining  Engineering,  joint  meeting  of  U.  S.  and  Canadian  Industrial 
Minerals  Division,  Ottawa,  Ontario,  Can.  —  Reilly 
Canadian  National  Museum,  Ottawa,  Ontario,  Can.  —  Reilly 
Capital  Area  School  Development  Association,  Administrative  Seminar, 
Albany,  N.  Y.  —  Manley 

Commissioner’s  Committee  on  Museum  Resources,  several  meetings. 
New  York  City  —  Cahalane,  Fenton 

Commissioner’s  Staff  Conference,  Diamond  Point,  Lake  George,  N.  Y.  — 
Fenton 

Conference  of  Directors  of  Systematic  Collections,  Washington,  D.  C.  — 
Fenton 


*  Read  formal  paper. 


52 


Educational  Research  Association  of  New  York  State,  Albany,  N=  Y.  — 
Darcy,  Manley,  Stone 

Engineers'  Society  of  Western  Pennsylvania,  Bradford,  Pa.  —  Van  Tyne 
Entomological  Society  of  America  (Eastern  Branch),  Baltimore,  Md.  — 
Collins 

Federated  New  York  State  Bird  Clubs,  annual  meeting,  New  York  City 
—  Palmer,  Reilly 

Federation  of  New  York  State  Bird  Clubs,  Albany,  N.  Y.  —  Reilly 
Fourth  Biennial  Vector  Control  Conference,  Atlanta,  Ga.  —  Collins 
Geological  Society  of  America,  annual  meeting,  Cincinnati,  Ohio  — 
Borst,  Broughton,  Fisher,  Isachsen,  Rickard 
International  Conference  on  Iroquois  Research,  Hamilton,  Ontario,  Can. 
—  Fenton* 

International  Ornithological  Congress  (13th),  Ithaca,  N.  Y.  —  Cahaiane, 
Palmer,  Reilly 

International  Palynology  Conference,  Tucson,  Ariz,  —  Lewis,  Ogden 
Joint  Legislative  Committee  on  Interstate  Cooperation,  annual  executive 
meeting,  New  York  City  —  Broughton,  Kreidler 
Linnaean  Society,  New  York  City  —  Palmer 

McMaster  University,  Hamilton,  Ont.,  Can.,  Iroquois  Conference  — 
Fenton,  Funk,  Gillette,  Ritchie 

Mohawk“Caughnawaga  Museum,  Board  of  Trustees  and  Advisory 
Council  Meeting,  Fonda,  N.  Y.  —  Fenton,  Funk 
National  Wildlife  Federation  (26th),  Denver,  Colo.  —  Cahaiane 
Natural  Science  and  Conservation  Education  Forum,  New  York  City  — 
Darcy,  Manley 

New  England  Intercollegiate  Geological  Field  Conference,  Montpelier, 
Vt.  —  Davis,  Isachsen,  Stone 

New  Jersey  Mosquito  Extermination  Association,  Atlantic  City,  N.  J. 
—  Jamnback 

New  York  State  Archeological  Association,  Van  Epps-Hartley  Chapter, 
Albany,  N.  Y.  —  Funk,*  Gillette 

New  York  State  Archeological  Association,  annual  meeting,  Glens  Falls, 
N.  Y.  —  Fenton,*  Funk,*  Gillette,  Ritchie* 

New  York  State  Archeological  Association,  Morgan  Chapter,  Rochester, 
N.  Y.  -  Ritchie* 

New  York  State  Association  of  Museums  Council  Meetings,  New  York 
City,  Albany,  N.  Y.  —  Fenton 

New  York  State  Conservation  Department,  Bureau  of  Forest  Pest  Con¬ 
trol,  annual  meeting,  Saratoga,  N.  Y.  —  Collins,  Connola 
New  York  State  Education  Department,  Audio-Visual  Division,  Albany, 
N.  Y.  —  Rothman,  Weyhe 

New  York  State  Education  Department  Conference  on  Non-Western 
studies,  Albany,  N.  Y.  —  Fenton 

New  York  State  Education  Department  Project  Able  Workshop  —  Stone 
New  York  State  Geological  Association,  Port  Jervis,  N.  Y.  —  Borst, 
Broughton,  Davis,  Drumm,  Fisher,  Isachsen,  Rickard,  Stone,  Van  Tyne 

*  Read  formal  paper. 
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New  York  State  Oil  Producers  Association,  Wellsville,  N,  Y.  —  Van  Tyne 
New  York  State  Zoological  Society,  New  York  City  —  Palmer 
North  American  Wildlife  and  Natural  Resources  Conference  (27th), 
Denver,  Colo.  —  Cahalane 

Northeast  Anthropological  Conference,  Toronto,  Ontario,  Can.  —  Fenton 
Northeast  Museums  Conference,  Cooperstown,  N.  Y.  —  Cahalane, 
Darcy,  Drumm,  Manley,  Rothman,  Stone* 

Northeastern  Forest  Pest  Council,  Boston,  Mass.  —  Collins,  Connola 
Northeastern  Forest  Pest  Council,  summer  meeting,  Hamilton,  N,  Y.  — 
Collins,  Connola 

Northeastern  Mosquito  Control  Association,  Boston,  Mass.  —  Jamnback 
Northern  Appalachian  Basin  Geological  Society,  Lewis  Run,  Pa.  —  Van 
Tyne 

Paleontological  Research  Institution,  Ithaca,  N.  Y.  —  Fisher,  Rickard 
Pennsylvania  Geological  Field  Conference,  Reading,  Pa.  —  Isachsen 
Resources  for  the  Future  Forum,  Washington,  D.  C.  —  Darcy 
Science  Teachers  Association  of  New  York  State,  summer  conference, 
Alfred,  N,  Y.  —  Manley* 

Science  Teachers  Association  of  New  York  State,  winter  conference, 
Brookhaven,  N.  Y.  —  Stone 

Society  for  American  Archeology,  annual  meeting,  Tucson,  Ariz.  — 
Ritchie 

Society  for  Pennsylvania  Archeology,  Wilkes-Barre,  Pa.  —  Funk,  Ritchie 
Union  College  Biology  Symposium,  Schenectady,  N.  Y.  —  Fenton 
Weed  Society  of  America,  St.  Louis,  Mo.  —  Ogden* 

Wildlife  Conference,  Patuxent  Research  Center,  Md.  —  Palmer 


Appendix  C 

Co-operative  Work  (Service):  Talks  given  by  the  staff  of  State 
Museum  and  Science  Service  to  various  groups: 

Adirondack  Mountain  Club  (ADK)  —  Reilly 

Altamont  4-H  Group  —  Wilcox 

Altamont  School,  Altamont  —  Fisher,  Reilly 

American  Anthropological  Association,  National  Science  Foundation 
lectureship,  State  University  College  at  Oneonta,  and  Hartwick  Col¬ 
lege,  Oneonta  —  Fenton* 

Bethlehem  Central  High  School  —  Wilcox 
Blue  Mountain  Lake  Association  —  Jamnback 

Boy  Scout  Groups,  East  Greenbush  and  Rensselaer  —  Borst,  Reilly 

Capital  District  Geologists  Meeting,  Albany  —  Fisher 

Chatham  Exchange  Club  —  Reilly 

Claverack  Boy  Scouts  —  Reilly 

Clinton  Heights  PTA  —  Reilly 

Columbia  High  School  —  Wilcox 

Dana  Natural  History  Society  —  Funk 
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Delmar  (Bethlehem)  Rotary  Club  —  Collins 
East  Greenbush  Garden  Club  —  Reilly 

East  Greenbush  Town  Board  Advisory  Committee  on  Lake  Improvement 
—  Connola 

Eastern  New  York  Science  Congress  Fair,  Columbia  High  —  Reilly 
4-H  Club  Groups  —  Reilly 

Girl  Scout  Troop  No.  184,  Hudson  Valley  —  Gillette 
Greenville  Rotary  Club  —  Collins 
Guilderland  Central  School  —  Gillette 
Hillsdale  Lions’  Club  —  Reilly 
Ichabod  Crane  Central  School  —  Fisher 

Interdepartmental  Committee  on  Pesticides  —  Collins  (member  for  Edu¬ 
cation  Department  and  Chairman  of  Subcommittee  on  Research) 
Interdepartmental  Committee  on  Rabies  —  Palmer  (member  for  Edu¬ 
cation  Department) 

Kiwanis  Club  of  Hudson  Falls  —  Reilly 
Kiwanis  Club  of  West  Sand  Lake  —  Reilly 

Mohawk  Valley  Historical  Society  and  Oneida  Historical  Society,  com¬ 
bined  meeting,  Utica  —  Fenton* 

National  Museum  of  Canada,  Ottawa,  staff  seminar  —  Fenton* 

Nature  Conservancy  League  —  Lewis,  Ogden 
Newcomb  Central  School  —  Roster 

New  York  Mycological  Society,  New  York  City  —  Smith 
New  York  State  Petroleum  Council,  Albany  —  Kreidler 
Poughkeepsie  Garden  Club  —  Reilly 

Robert  A.  Taft  Sanitary  Engineering  Center,  Cincinnati,  Ohio  —  Lewis, 
Ogden 

Schalmont  Central  School  —  McCulloch 
School  No.  6,  Albany  —  Stone 

Science  Teachers  Association  of  New  York  State  Meeting,  Alfred  — 
Manley 

Scotia-Glenville  School  —  Fisher 
Sigma  Xi  —  Ritchie 

Spanish  Institute  of  Entomology,  Forest  Pest  Service  —  Collins 

State  of  Maine  Forest  Service  —  Jamnback 

State  University  College  at  Potsdam  —  Funk 

State  University  of  New  York  at  Albany  —  Fisher 

Union  College  —  Roster 

Voorheesville  Cub  Scouts  —  Reilly 

Voorheesville  Elementary  School  —  Reilly 


Appendix  D 

Co-operating  Agencies 

A  continuing  function  of  the  Museum  and  Science  Service  is  to 
co-operate  with  agencies  and  organizations  concerned  with  museum 
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and  research  activities  in  this  and  other  States,  with  the  governments 
of  the  United  States  and  Canada,  universities,  and  industry  in  the 
discovery,  analysis,  and  dissemination  of  scientific  information.  These 
contacts  are  frequently  of  reciprocal  services,  and  they  often  arise  out 
of  the  personal  contacts  of  the  staff  and,  if  so  listed,  would  measure 
individual  participation,  but  they  are  here  tabulated  for  the  organization. 

Adirondack  Museum 

Albany  Medical  Center  Hospital 

Albany  Medical  College 

American  Association  of  Museums 

American  Museum  of  Natural  History 

American  Ornithologists’  Union 

Birdwell  Logging  Company 

Brown  University 

Buffalo  Society  of  Natural  Sciences 

Canadian  Department  of  Agriculture,  Forest  Biology  Laboratory 

Capital  Area  School  Development  Association 

Chicago  Natural  History  Museum 

Commonwealth  Mycological  Institute 

Denver  Museum  of  Natural  History 

Durham  Nature  Center 

Federal  Area  Redevelopment  Administration 

Harvard  University:  Gray  Herbarium,  Museum  of  Comparative  Zoology 

Helderberg  Workshop 

Imperial  College  of  Science  and  Technology 

Joint  Legislative  Committee  on  Interstate  Cooperation 

Michigan  State  University 

National  Audubon  Society 

National  Zoological  Park 

Nature  Conservancy 

New  York  Botanical  Garden 

New  York  State  Archeological  Association 

New  York  State  Defense  Commission 

New  York  State  Department  of  Agriculture  and  Markets 

New  York  State  Department  of  Commerce 

New  York  State  Department  of  Conservation 

New  York  State  Department  of  Health 

New  York  State  Department  of  Public  Works 

New  York  State  Executive  Department 

New  York  State  Division  of  Police,  B.C.I. 

New  York  State  Farm  Bureau  Association 
New  York  State  Office  of  Atomic  Development 
Northeast  Museums  Association 
Ontario  Agriculture  College 
Paleontological  Research  Institution 
Royal  Ontario  Museum 
Schenectady  Museum 

Science  Teachers  Association  of  New  York  State 
Seneca  Nation  of  Indians 
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Shaker  Museum 

State  University  of  New  York,  College  of  Agriculture  at  Cornell 
University 

State  University  of  New  York  at  Albany 
State  University  College  at  Geneseo 

State  University  College  of  Forestry  at  Syracuse  University 
State  University  of  New  York,  New  York  State  Veterinary  College, 
Duck  Disease  Research  Laboratory,  Eastporl,  N.  Y. 

State  University  of  New  York  at  Buffalo 
Suffolk  County  Mosquito  Control  Commission 
Syracuse  University 
Union  College 

United  States  Bureau  of  Mines 

United  States  Department  of  Agriculture 

United  States  Department  of  Health,  Education  and  Welfare 

United  States  National  Museum 

University  of  Massachusetts 

The  University  of  Rochester 

University  of  Tennessee 

Valley  Stream  Museum 

West  German  Television,  Documentary  Programs,  Inc. 


Appendix  E 

Professional  Affiliations 

Adirondack  Mountain  Club,  Albany  Chapter,  vice-chairman;  Committee 
on  Clean  Trailsides  and  Roadsides,  chairman  —  Cahalane  (re-elected) 
American  Academy  of  Allergy,  Pollen  and  Mold  Subcommittee  of  Re¬ 
search  Council  —  Ogden 

American  Committee  for  International  Wildlife  Protection, 
vice-chairman  —  Cahalane  (re-elected) 

American  Indian  Ethnohistoric  Conference,  president  —  Fenton 
American  Mosquito  Control  Association,  editor  —  Collins 
American  Ornithologists’  Union,  editor  of  Handbook  of  North  American 
Birds  —  Palmer 

Canadian  Institute  of  Mines,  Division  of  Industrial  Minerals  — Broughton 
Capital  District  Geologists  Club,  program  chairman  —  Isachsen 
Defenders  of  Wildlife,  vice-president  —  Cahalane  (re-elected) 

Eastern  New  York  Botanical  Club,  vice-president  and  program  chairman 
1961-62  —  Smith 

Nature  Conservancy,  Eastern  New  York  Chapter,  vice-chairman  — 
Cahalane 

Northeastern  Eorest  Pest  Council,  vice-chairman  —  Collins 
Northeastern  Eorest  Tree  Improvement  Committee,  member  for  New 
York  State  —  Collins 

Sigma  Xi,  president,  Albany  Club  —  Eisher 

Society  of  American  Foresters,  New  York  Section,  member  of  Committee 
on  Forest  Insects  and  Diseases  —  Connola 
Society  of  Mining  Engineers,  director  —  Broughton 
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Pleistocene  Geology  of 
the  St.  Lawrence  Lowland 

by 

Paul  MacClintock  and 
David  P.  Stewart 

Chapter  I 
Introduction 

Location 

The  St.  Lawrence  Lowland  comprises  that  part  of  New  York  State 
northward  from  the  Adirondack  upland  and  the  Tug  Hill  Plateau  to 
the  St.  Lawrence  River,  and  from  Lake  Ontario  eastward  to  the  inter¬ 
national  boundary  north  of  Malone,  roughly  25  by  120  miles,  or  approx¬ 
imately  3,000  square  miles  in  area. 

This  is  gently  rolling  country,  below  1,000  feet  in  altitude  and  with 
only  100  to  200  feet  of  local  relief.  It  is  a  well-populated  agricultural  area 
specializing  in  dairy  products.  The  small  cities  from  west  to  east  are 
Watertown,  Gouverneur,  Ogdensburg,  Canton,  Potsdam,  Massena,  Ma¬ 
lone,  and  Chateaugay.  The  area  is  traversed  by  branches  of  the  New  York 
Central  and  the  Rutland  Railroads.  It  is  also  crossed  by  many  excellent 
roads — major  U.  S.  highways,  as  well  as  State,  county,  and  township  roads 
— so  that  all  parts  are  easily  reached  by  car.  The  lowland  is  entirely 
mapped  on  inch-to-a-mile  (1:62,500)  Lf.  S.  Survey  topographic  maps 
( figure  1 ) ,  many  of  which,  marked  by  a  triangle  on  the  index  map,  have 
been  resurveyed  (on  larger  scale,  1:24,000  and  1:31,680).  These  are 
available  from  the  U.  S.  Geological  Survey,  and  also  at  several  stationery 
stores  in  the  area. 

Field  Procedure 

This  report  is  based  on  five  seasons  of  field  study  by  MacClintock  and 
three  by  Stewart.  The  mapping  was  done  by  systematic  road  traverse, 
examination  of  all  exposures,  and  frequent  auger  borings,  all  plotted 
directly  on  the  1 :24,000  and  1 :31,680  topographic  maps  where  these  were 
available.  These  data  have  been  transferred  to  1 :62,500  maps  for  ease 
of  compilation  of  the  present  maps. 
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Map  Symbols 

The  maps  show  the  distribution  of  surficial  material  lying  on  the 
bedrock.  Map  symbols  were  chosen  to  show  the  distribution  of  materials 
deemed  significant  to  agriculture,  engineering,  ground  water,  and  struc¬ 
tural  material  supplies  such  as  sand,  gravel,  and  clay.  Also,  the  units 
mapped  are  those  significant  to  the  geologic  history  of  the  region. 

1.  Till  is  mapped  in  four  phases:  (1)  Till  in  a  sheet  showing  little  or  no 
morainal  topography;  (2)  frontal  moraine  with  rough  hummocky 
topography,  formed  at  the  margin  of  the  glacier;  (3)  ground  moraine 
with  broad  gentle  swell-and-swale  topography  deposited  beneath  the 
glacier  and/or  overridden  by  the  ice;  (4)  till  covered  with  a  thin 
deposit  of  silt  and  clay. 

2.  Gravel  is  mapped  in  four  phases:  (1)  Kame  and  kame  terrace  gravel 
is  the  coarse  gravel  containing  cobbles  and  boulders  deposited  by  melt¬ 
water  at  the  edge  of  the  ice;  (2)  winnowed  till  is  the  gravel  left  when 
waves  of  the  lakes  or  Champlain  Sea  “winnowed”  out  the  clay,  silt, 
and  fine  sand  of  the  till  to  leave  coarse,  poorly  rounded  gravel;  (3) 
beach  gravel  was  deposited  in  beaches  by  waves  and  currents  along 
shore  lines  of  the  postglacial  lakes  or  sea;  (4)  gravel  covered  with 
thin  deposits  of  silty  clay. 

3.  Sand  is  mapped  in  four  phases:  (1)  Sand  in  widespread  but  not  thick 
sheets  on  the  lowlands  deposited  during  the  shoaling  phase  of  lake  or 
sea;  (2)  sand,  pebbly,  deposited  along  the  shore  lines  of  postglacial 
lakes  and  sea;  (3)  sand  littered  with  ice-rafted  boulders;  (4)  sand, 
fluvial,  deposited  by  flowing  water  on  flood  plains  or  in  spillways. 


Figure  1.  Index  to  quadrangles 
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4.  Clay  is  mapped  in  four  phases:  (1)  Clay,  usually  silty,  deposited  in 
the  lowlands  by  either  lake  or  sea;  (2)  clay  littered  with  ice-rafted 
boulders;  (3)  clay,  thin,  deposited  on  flat-lying  sedimentary  bed¬ 
rock;  (4)  clay,  thin,  deposited  on  metamorphic  bedrock. 

5.  Thin  discontinuous  drift  is  mapped  where  only  thin  patches  of  boul¬ 
ders  or  drift  lie  on  glaciated  bedrock,  either  ( 1 )  horizontal  sedimentary 
or  (2)  metamorphic  rock. 

6.  Dune  sand,  alluvium,  peat,  and  muck  need  no  explanation. 

7.  The  boundary  of  Fort  Covington  drift  is  mapped  at  the  southern  limit 
of  drift,  with  fabric*  from  the  northwest.  But  elsewhere  the  boundary 
is  only  approximate  and  is  not  mapped  in  detail.  At  places,  it  is  cov¬ 
ered  by  younger  lake  sediments  and  so  is  only  inferred.  South  of  this 
boundary  the  fabric  of  the  till  is  from  the  northeast.  Also  the  Fort 
Covington  till  has  weathered  to  a  buff  color,  whereas  the  Malone  till 
has  weathered  to  a  red-brown  color.  Along  much  of  this  border, 
furthermore,  the  Fort  Covington  drift  has  frontal  moraine  topography, 
kames,  and  kame  terraces. 

The  two  authors  have  kept  in  close  contact  throughout  the  survey  with 
frequent  held  and  office  conferences.  In  order  to  expedite  the  mapping  of 
so  large  an  area,  Stewart  has  done  most  of  the  work  west  of  the  Ogdens- 
burg  area  in  the  Brier  Hill,  Hammond,  Antwerp,  Alexandria  Bay,  Theresa, 
Grindstone,  Clayton,  and  Cape  Vincent  quadrangles,  whereas  MacClin- 
tock  has  mapped  to  the  east;  the  Canton,  Russell,  Potsdam,  Waddington, 
Massena,  Moira,  Malone,  Chateaugay,  and  Churubusco  quadrangles. 
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Chapter  II 
Advance  Summary 
Bedrock 

The  bedrock  consists  of  Cambrian  and  Ordovician  sedimentary  rocks, 
which  dip  very  gently  to  the  north  and  lap  onto  the  Precambrian  Gren¬ 
ville  rocks  of  the  Adirondack  Plateau  to  the  south.  The  Precambrian  rocks 
normally  stand  several  hundred  feet  higher  than  the  Paleozoic  rocks, 
which  have  been  eroded  to  form  a  broad  lowland  extending  20  miles  from 
Potsdam  and  Canton  to  the  international  boundary  at  the  St.  Lawrence 
River  and  thence  north  to  the  Ottawa  Valley  in  Canada. 

Bedrock  Surface 

Outcrops  and  well  records  indicate  that  the  surface  of  Paleozoic  bed¬ 
rock  below  the  glacial  drift  is  almost  Hat,  and  suggest  that  the  region  of 
the  St.  Lawrence  Lowland  had  been  reduced  to  a  gentle  plain  over  which 
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the  Pleistocene  glaciers  advanced.  The  many  test  borings  for  the  St.  Law¬ 
rence  Seaway,  both  on  the  American  and  Canadian  side,  amply  demon¬ 
strate  the  condition.  Maps  published  by  the  Corps  of  Engineers,  U.  S. 
Army,  in  the  Analysis  of  Design  for  the  Seaway  Structure,  show  a  gentle 
fluvial  topography  on  bedrock. 

Glaciation 

Early  Pleistocene  glaciation  must  have  crossed  this  region,  as  shown 
by  deposits  farther  south  in  New  Jersey  and  Pennsylvania.  Also,  ice  of 
the  early  substages  of  the  Wisconsin  must  have  crossed  this  region  to  over¬ 
ride  the  whole  Adirondack  mountain  area  and  extend  into  Pennsylvania, 
but  no  evidence  has  come  to  light  within  the  St.  Lawrence  Lowland  region 
to  prove  glaciation  older  than  the  late  Wisconsin.  No  wood  or  other  dat¬ 
able  material  has  yet  been  found  within  the  region,  which  would  aid  in 
establishing  the  glacial  events  within  the  standard  framework  of  Pleisto¬ 
cene  chronology.  However,  the  slight  amount  of  fluvial  erosion  and  the 
shallow  depth  of  leaching  of  the  carbonates  in  the  drift  indicate  late  Wis¬ 
consin  age  for  the  glaciation.  Just  to  the  west,  wood  found  in  the  sedi¬ 
ments  of  proglacial  Lakes  Warren  and  Lundy,  dammed  by  St.  Lawrence 
Valley  ice,  also  suggests  late  Wisconsin  correlation. 


Figure  2.  Buff  Covington  till  lying  on  red-brown  Malone  till.  Trout 
River  bridge,  2^/2  miles  northeast  of  Malone,  Malone  quadrangle 

Photograph  by  J.  Heller 
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Two  Episodes  of  Glaciation 

Two  episodes  of  glaciation  are  represented  in  the  region.  The  first 
came  from  the  northeast  and  the  second  from  the  northwest,  as  shown 
by  striae  and  till  fabric.  Along  the  valley  of  Trout  River,  2  miles  north¬ 
east  of  Malone,  one  drift  lies  on  the  other  (figure  2) .  The  lower  and  earlier 
till  is  red-brown  even  where  weathered,  whereas  the  upper  and  younger 
one  is  slate-gray  where  fresh  and  weathers  to  a  yellow-gray  buff.  These 
color  distinctions  are  useful  in  the  field,  particularly  when  checked  by 
till-fabric  analyses.  The  southern  part  of  the  St.  Lawrence  Lowland  con¬ 
tains  the  red-brown  till  and  the  northern  part  the  gray-buff  till.  Because 
the  red-brown  drift  is  well  displayed  in  Malone  and  environs,  and  there 
is  seen  to  be  the  older  of  the  two,  it  is  designated  as  the  Malone  till.  Be¬ 
cause  the  gray-buff  drift  forms  a  major  moraine  whose  axis  passes  through 
Fort  Covington,  it  is  designated  Fort  Covington  till.  Fort  Covington 
Moraine  is  composed  of  Fort  Covington  till. 

Margin  of  Fort  Covington  Drift 

The  southern  margin  of  the  Fort  Covington  till  in  places  lies  above 
the  level  of  the  Champlain  Sea  and,  in  these  places,  displays  frontal 
moraine  topography.  Such  topography  has  been  largely  destroyed  where 
washed  by  the  waves  of  the  sea,  so  that  the  margin  is  indistinct.  The 
border  of  the  gray-buff  till,  from  the  international  boundary,  north  of 
Earlville,  crosses  the  Chateaugay  quadrangle  a  mile  north  of  Burke  Center 
to  Malone  on  the  Malone  quadrangle.  Thence  it  lies  south  of  Bangor  to 
Dickinson  Center  on  the  Nicholville  quadrangle,  thence  west  via  Hop- 
kinton  to  Stockholm,  where  it  swings  southward  as  morainal  loop  on 
the  Potsdam  quadrangle,  to  form  the  striking  kame-studded  moraine  near 
Hannawa  Falls.  From  here,  the  boundary  passes  westward  on  to  the 
Canton  quadrangle  east  of  Crary  Mills.  Here,  there  is  another  morainal 
loop  southward  into  the  re-entrant  of  the  headwaters  of  Boydens  Brook 
drainage.  In  this  re-entrant,  lying  between  Pierrepont  and  Waterman 
Hill,  the  edge  of  the  Fort  Covington  till  is  marked  by  strong  and  moraine 
topography.  The  boundary  lies  north  of  Waterman  Hill  and  along  the 
north  bank  of  Little  River  to  Canton.  From  Canton,  the  margin  follows 
southward  along  the  frontal  kame  moraine  bordering  the  valley  of  Elm 
Creek  on  the  Russell  quadrangle,  as  far  south  as  Pond  settlement.  The 
kames  are  leached  only  a  foot  or  two,  and  the  northwest  fabric  shows 
that  Gouverneur  quadrangle  was  overrun  by  Fort  Covington  ice.  From 
Russell  quadrangle  the  margin  passes  Pitcairn,  Harrisville,  Natural 
Bridge,  and  thence  as  a  lobe  into  the  Black  River  Valley.  It  appears 
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again  west  of  Black  River  Valley  on  the  north  slojie  of  Tug  Hill  ihrough 
Copenhagen,  following  the  valleys  of  Stebbens  and  Sandy  Creeks  to 
Rodman  on  the  Watertown  quadrangle. 

Malone  Drift 

To  the  south  of  the  margin  thus  described,  red-brown  Malone  till  is 
found  on  the  uplands,  accompanied  by  kame  terraces  in  main  valleys. 
These  latter  show  stagnant-ice  conditions  during  Malone  deglaciation. 
The  till  and  gravel  of  this  drift  are  usually  leached  5  to  8  feet,  suggesting 
a  correlation  with  the  Cary  drift  of  western  New  York  and  Ohio,  which 
shows  about  the  same  leaching. 

Fort  Covington  Drift 

To  the  north  of  the  margin  outlined  above,  the  gray-buff  Fort  Cov¬ 
ington  till  is  found.  It  forms  end  moraine  topography  south  of  Bangor, 
Malone  quadrangle;  north  of  Lake  Ozonia  on  the  Nicholville  quad¬ 
rangle;  the  Raquette  River  Valley  south  of  Potsdam,  Potsdam  quad¬ 
rangle;  the  Boydens  Brook  Valley  near  Pierrepont,  Canton  quadrangle; 
and  Elm  Creek  Valley,  Russell  quadrangle. 

Northeast-Southwest  Ridges 

Below  the  level  of  500  feet  occur  long  northeast-southwest  ridges  of 
till  with  sweeping  smooth  surfaces  surmounted  with  beach  ridges  of  the 
Champlain  Sea,  and  interspersed  with  flat-bottomed  lowlands  floored  by 
clay  and  sand.  Excavations  of  the  seaway  and  power  projects  have  cut 
through  four  of  these  large  northeast-southwest  ridges.  The  till  fabrics 
and  bedrock  striae  there  exposed  show  that  the  ridges  are  composed  of 
a  core  of  Malone  drift,  overlain  by  a  blanket  of  Fort  Covington  drift. 
This  belt  of  ridged  drift  enters  New  York  State  on  the  Malone  quadrangle. 
Its  southern  margin  passes  southwestward  near  Fort  Covington  Center, 
thence  diagonally  southwest  across  the  Moira  quadrangle  south  of  Bom¬ 
bay  and  north  of  North  Lawrenceville,  and  on  to  the  Massena  quadrangle 
to  include  Stockholm.  Here  the  belt  attains  its  maximum  width  of  18 
miles,  extending  northward  to  the  St.  Lawrence  River.  The  southern 
edge  of  the  belt  passes  Potsdam  and  extends  to  Canton,  beyond  which 
it  ends  near  Heuvelton  in  the  conspicuous  175'  hill  of  till  known  as 
Mount  Lona.  This  hill  had  previously  been  called  a  drumlin,  but  the 
till  fabric  of  the  surface  till  is  oriented  southeast,  normal  to  the  long 
axis  of  the  hill.  The  whole  belt  is  considered  as  one  broad  moraine,  with 
each  of  the  hills  formed  normal  to  the  ice  flow.  The  till  fabric  of  the 
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gray-])iiff  till  is  so  dominantly  from  the  northwest  that  the  till  evidently 
came  to  rest  as  a  “plastered-on,”  “pushed-into-place”  deposit  rather  than 
an  ablation  moraine  accumulated  in  a  pile  as  it  fell  from  the  melting 
edge  of  a  glacier.  The  dearth  of  outwash  associated  with  this  belt  also 
shows  absence  of  frontal  deposition.  The  mechanism  of  formation  will  be 
discussed  later  after  evidence  is  presented. 

Synthesis  of  Glacial  and  Postglacial  Events 

1,  Malone  Glaciation 

A,  The  ice  moved  southwest  up  the  St.  Lawrence  Lowland  as  shown 
by  striae  and  till  fabric. 

B.  At  maximum  extent  the  ice  spread  south  and  southwest  over  the 
Adirondacks. 

11,  Waning  of  Malone  Ice 

A.  As  the  ice  margin  waned  from  the  plateau  of  Central  New  York 
there  was  a  succession  of  ice-dammed  lakes  in  the  Finger  Lake 
region. 

B.  With  further  waning  a  lake  was  formed  in  the  Ontario  basin, 
with  outlet  via  the  Mohawk  Valley. 

C.  Ice  on  the  Adirondack  upland  stagnated  and  melted  downward 
and  outward,  thus  ponding  many  small  ice-dammed  lakes  in  the 
valleys,  as  proposed  by  Ogilvie  (1902)  and  by  Ailing  (1916). 

D.  In  the  Ontario  basin  and  the  St.  Lawrence  Lowland,  the  ice-edge 
stood  in  the  waters  of  its  own  ice-dammed  lake.  Retreat  of  the 
ice-edge  was  therefore  by  calving  of  icebergs  which  floated  away 
with  the  load  of  drift  in  the  glacier.  This  type  of  retreat  accounts 
for  (1)  the  almost  drift-free  country  at  the  western  end  of  the 
lowland;  (2)  masses  of  varved  clay  embedded  in  frontal  kame 
gravels  at  Redwood  and  Gouverneur;  (3)  varved  lake  clays 
studded  with  striated  glacial  stones,  2  miles  southeast  of  Canton. 

E.  This  Malone  retreat  was  pulsatory,  with  many  slight  readvances 
during  which  till  was  deposited  over  lake  clay,  sand,  and  gravel 
layers.  It  forms  a  recognizable  unit  in  the  seaway  excavation  of 
interstratified  till,  varves,  sand,  and  gravel  separated  by  lake 
deposits  from  the  basal  Malone  till  below. 

F.  This  recession  reached  as  far  as  the  Massena  area,  where  till 
overlies  varves.  It  probably  reached  Sherbrooke,  Quebec,  where 
Antevs  (1925)  reported  till  over  varves. 

G.  The  retreat,  however,  apparently  did  not  open  the  lowland  to  free 
drainage,  because  varved  lake  sediments  are  found  widespread 
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through  a  distance  of  25  miles  along  the  seaway  project  between 
Malone  and  Fort  Covington  tills. 

III.  Fort  Covington  Glaciation 

A.  A  new  source  of  ice-radiation  developed  on  the  highlands  north 
of  Ottawa,  Ontario.  From  this  center,  ice  spread  southeastward 
across  the  lowlands  and  impinged  against  the  northern  slope  of 
the  Adirondack  upland.  The  direction  of  this  movement  is  shown 
by  striae  and  by  till  fabric  of  the  Fort  Covington  till. 

B.  Fort  Covington  till  lies  on  Malone  drift  at  Malone  and  in  the 
seaway  exposures, 

C.  Above  the  500-foot  level  of  the  Champlain  Sea,  frontal  moraine 
is  found  in  south-projecting  lobes  at  St.  Begis  Falls,  Hannawa 
Falls,  and  Pierrepont. 

D.  Below  the  500-foot  level,  morainal  topography  has  been  largely 
softened  by  Champlain  Sea  waves,  to  make  the  smooth  surface 
of  the  Fort  Covington  drift  overlain  by  beaches  on  hilltops  and 
hillsides. 

E.  Fort  Covington  till  lies  on  varves  not  only  in  the  seaway  excava¬ 
tion,  but  also  at  Coveytown  Corners  and  near  Morristown. 

F.  Fort  Covington  ice  pushed  against  Covey  Hill,  and  left  its  end 
moraine  across  the  northern  part  of  the  hill  to  show  that  it  must 
have  dammed  the  St.  Lawrence  drainage  high  enough  to  overflow 
at  the  Covey  Hill  Gap.  This  occurred  at  the  Coveville  stage  of 
Lake  Vermont,  which  was  also  dammed  by  Fort  Covington  ice 
across  the  north  end  of  the  Champlain  Lowland. 

G.  Into  this  Fort  Covington  Lake,  draining  at  Covey  Hill  Gap 
(present  elevation  1,010  feet)  deltas  were  built  by  the  Chateau- 
gay,  Trout,  St.  Regis,  and  Raquette  Rivers.  The  St.  Regis  Delta 
is  seen  to  lie  on  Fort  Covington  till  at  Dickinson  Center,  showing 
a  slight  recession  of  Fort  Covington  ice  before  recession  at 
Covey  Hill. 

IV,  Post-Fort  Covington 

A.  Fort  Covington  ice  waned  to  a  position  north  of  Ottawa  (proba¬ 
bly  by  claving  into  the  ice-dammed  lake),  liberating  an  expanse 
of  water  which  stood  about  300  feet  lower  than  Covey  Hill  Gap 
and  which  was  confluent  with  the  Fort  Ann  stage  of  Lake 
Vermont. 

B.  Into  the  Lort  Ann  Lake  were  built  deltas  at  Malone,  Burke  Center, 
and  Dickinson,  which  now  stand  at  altitudes  of  700-725  feet.  On 
the  bottom  of  this  lake  also  were  deposited  a  few  feet  of  varved 
clays,  which  overlie  Lort  Covington  till  as  far  north  as  Ottawa. 
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C.  The  ice  barrier  which  dammed  Lake  Fort  Ann  broke  and  allowed 
the  lake  to  drain.  Desiccation  of  the  varved  clays,  fluvial  erosion 
of  the  clays,  and  oxidation  of  the  top  of  the  Fort  Covington  till 
show  that  the  lowland  was  dry  land  at  this  time.  Sea  level  was  still 
low  because  of  withdrawal  of  water  backed  up  in  the  ice  caps. 

D.  Sea  level  rose  with  return  of  water  from  melting  glaciers  and 
gradually  flooded  the  St.  Lawrence  Lowland  and  the  Champlain 
Valley.  The  shore  line  of  the  marine  invasion  stands  at  present 
altitude  of  525  feet  on  the  north  slope  of  Covey  Hill,  and  500 
feet  at  Hermon,  southwest  of  Canton.  Deltas  at  Constable,  Fay, 
West  Bangor,  Hannawa  Falls,  Pyrites,  etc.,  belong  to  this  episode. 

E.  Fossiliferous  marine  clay  is  widespread  in  the  lowland.  It  com¬ 
monly  lies  on  a  few  feet  of  varved  clays,  but  in  many  places  it 
rests  directly  on  Fort  Covington  till.  The  till  is  oxidized  below 
unoxidized  blue-gray  clay. 

F.  Isostatic  rise  of  the  land,  more  rapid  than  eustatic  rise  of  the  sea, 
gradually  brought  the  land  to  its  present  stand  above  sea  level. 

G.  During  this  process  of  emergence,  wave  action  has  washed  off 
the  capping  of  fresh-water  and  marine  clay  from  the  summits 
of  the  hills  of  till,  and  then  has  winnowed  out  the  finer  part  of 
the  till  to  leave  a  blanket  of  stony  beach  material  containing 
marine  fossils,  which  now  caps  many  of  the  till  ridges.  This 
winnowed  till  is  heaped  into  storm  beaches  on  the  crests  and 
flanks  of  innumerable  hills.  As  the  fine  fraction  in  the  till  com¬ 
prises  about  75  per  cent  of  its  volume,  the  hills  must  have  been 
lowered  about  40-50  feet  to  make  the  thickness  of  winnowed 
till  which  is  found. 

H.  The  descending  series  of  horizontal  beaches,  found  on  many 
hills,  show  gradual  and  progressive  emergence.  No  particular 
level  shows  bigger  beach  ridges  to  suggest  longer  stand  at  that 
level.  This  same  observation  was  made  by  E.  B.  Owen  (1951b) 
for  the  area  in  Ontario  north  of  the  St.  Lawrence  River. 

I.  The  lowlands  between  the  till  ridges  were  aggraded  by  marine 
clay,  capped  by  a  few  feet  of  marine  silt  and  sand  spread  by 
waves  and  rivers  during  the  shoaling  phase  of  the  emergence. 

J.  Marine  isobases  which  trend  ENE-WSW  ascend  from  500  feet 
on  the  south  side  of  the  lowland  to  700  feet  just  north  of  Ottawa, 
i.e.,  toward  the  source  of  the  proposed  Fort  Covington  outflow 
(see  Flint,  1957,  figure  14-6). 

The  evidence  upon  which  this  summary  has  been  based  will  be  pre¬ 
sented  in  detail  in  the  following  pages. 
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Chapter  III 
Previous  Studies 

In  order  to  cYaluate  previous  work  and  properly  credit  ideas,  it  is 
worthwhile  to  review  in  chronological  order  the  literature  bearing  on 
the  Pleistocene  geology  of  the  St.  Lawrence  Lowland. 

As  long  ago  as  1845  Sir  Charles  Lyell  described  a  beach  well  above 
the  level  of  Lake  Ontario,  north  of  Toronto,  and  ascribed  it  to  a  former 
ice-dammed  lake.  James  Hall,  about  1843,  mentioned  a  raised  beach 
ridge  in  New  York  State  with  fresh-water  shells  found  in  the  beach 
gravels.  J.  S.  Fleming  (1861)  further  described  and  mapped  a  part  of 
the  raised  beach  north  of  Toronto.  J.  W.  Spencer  (1883)  described  the 
raised  beaches  at  the  western  end  of  Lake  Ontario,  and  also  those  in 
New  York  (probably  quoted  from  James  Hall),  158  to  190  and  even 
up  to  400-feet  altitude  at  the  north  end  of  Skaneateles  Lake.  In  his  table 
he  attributed  to  Dawson  a  description  of  beaches  along  the  St.  Lawrence 
at  325,  378,  448,  479,  505,  660,  748,  and  900  feet  elevation,  and  said 
that  when  the  study  of  the  raised  beaches  shall  be  completed  we  would 
then  know  about  the  local  and  general  oscillations  of  the  continent. 
G.  K.  Gilbert  (1885)  published  a  short  note  on  the  “post-glacial  changes 
of  level  in  the  basin  of  Lake  Ontario”  wherein  he  described  the  rise  of 
beach  ridges  toward  the  east  and  northeast.  J.  W.  Spencer  (1888)  pro¬ 
posed  the  name,  Iroquois  Beach,  for  this  ancient  shore  line  described 
by  Gilbert.  In  1890  he  published  a  detailed  description,  and  followed 
this  with  further  data  including  a  small-scale  map  of  the  beach  around 
the  Ontario  basin,  which  showed  its  rise  toward  the  northeast  by  spot 
elevations  using  data  furnished  to  him  by  G.  K.  Gilbert.  Even  though 
James  Hall  had  long  before  noted  a  rise  of  the  beach  toward  the  north¬ 
east,  Gilbert  was  the  first  to  measure  it.  G.  K.  Gilbert  (1890)  published 
a  description  of  the  Rome-Mohawk  outlet  for  Lake  Iroquois. 

Spencer  ( 1892)  followed  the  beach  northeast  from  Watertown  (altitude 
730  feet)  to  Fine  (altitude  972  feet),  and  proposed  that  it  was  formed 
by  marine  waters.  Gilbert  in  the  same  volume  doubted  his  interpretation, 
as  also  later  did  F.  B.  Taylor  (1897).  Spencer  (1894)  discussed  Lake 
Iroquois  in  relation  to  Niagara  Falls.  This  same  year  S.  P.  Baldwin 
(1894)  published  on  the  Pleistocene  history  of  the  Champlain  Valley, 
and  included  a  map  of  the  area. 

Sir  William  Dawson  (1894),  in  his  book  on  the  Canadian  ice  age, 
proposed  that  ice  radiating  from  highlands  combined  with  floating 
icebergs  on  marine  waters  of  the  lowlands  would  explain  all  the  glacial 
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phenomena  of  the  region.  He  described  the  Laurentide  Glacier  as  spread¬ 
ing  southwest  up  the  St.  Lawrence  Valley,  but  he  mentioned  striae 
trending  south  to  southeast  in  the  Ottawa  Valley.  He  quoted  Ells  as  saying 
that  in  the  Appalachian  Highlands  of  the  eastern  townships  of  the 
Province  of  Quebec  striae  pointed  westward  up  the  St.  Lawrence  Valley, 
and  showed  local  glaciation  as  opposed  to  continental  glaciation.  This 
early  local  glaciation  was  followed  by  a  newer  and  higher  drift  attribut¬ 
able  to  floating  ice.  Dawson  described  fossils  collected  from  calcareous 
nodules  in  the  clay  near  Ottawa:  .  .  .  “not  only  the  ordinary  shells  of  the 
deposit  but  skeletons  of  fish  and  a  species  of  seal  as  well  as  leaves  of 
land  plants  and  fragments  of  wood.”  At  Packenham  Mills,  west  of  Ottawa, 
several  species  of  land  and  fresh-water  shells  were  found  associated  with 
marine  forms  in  the  Saxacava  sand.  He  also  mentioned  a  whale  skeleton 
at  Smith  Falls,  420  feet  above  sea  level. 

H.  L.  Fairchild  published  the  first  of  many  papers  on  the  glacial  lakes 
of  New  York  in  1895.  A.  P.  Low  (1895)  reported  well-defined  shell¬ 
bearing  beds  up  to  at  least  515  feet  altitude,  along  the  line  of  the  Quebec 
and  St.  John  Railway. 

R.  Chalmers  (1896)  gave  sporadic  elevations  of  “marine”  shore  lines 
on  the  south  side  of  the  St.  Lawrence  River.  In  the  same  year,  C.  D. 
Walcott  (1897)  reported  that  G.  K.  Gilbert  and  bis  party  had  demon¬ 
strated  that,  at  the  close  of  the  Lake  Iroquois  epoch,  the  waters  had 
drained  via  the  Great  Gulf  outlet  south  of  Covey  Hill,  and  descended  its 
eastern  slope  to  near  West  Chazy;  also  that  the  marine-water  shore  line 
of  the  Champlain  Valley  extended  westward  through  the  St.  Lawrence 
Valley  into  the  Ontario  basin,  where  it  was  continuous  with  the  “Oswego 
shore  line.”  Therefore  Gilbert  concluded  that  the  waters  of  the  Niagara 
River  emptied  into  a  gulf  of  the  ocean  which  occupied  the  St.  Lawrence 
Valley.  The  following  year  Fairchild  (1897)  published  on  the  glacial 
geology  of  western  New  York,  and  on  Lake  Warren  shore  line  and  the 
Geneva  Beach.  F.  B.  Taylor  (1897)  proposed  that  the  shore  lines  of  the 
Adirondack  region  were  made  in  local  ice-dammed  lakes.  After  a  field 
trip  with  J.  W.  Spencer,  and  further  work  himself,  he  reported  that  he 
saw  nothing  either  in  the  Ausable  and  Saranac  area  or  along  the  north 
slope  of  the  Adirondacks  that  could  not  have  been  formed  in  lakes  of 
small  to  moderate  size  ponded  by  the  glacier.  “There  is  no  evidence  of 
widespread  submergence  on  this  slope.”  He  proposed  the  name  of  Lake 
Adirondack  for  an  ice-dammed  lake  in  the  Ausable  and  Saranac  drainage 
basins  which  formed  the  Wilcox,  High  Falls,  and  Dannemora  Terraces. 
The  existence  of  this  ice-dammed  lake  shows  that  there  was  no  ice  cap 
on  the  Adirondacks  at  this  time,  only  possible  local  valley  glaciers.  The 
erratic  blocks  of  Potsdam  sandstone,  which  Hitchcock  reported  littering 
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the  slopes  of  Whiteface  Mountain  up  to  4,470  feet,  would  have  been 
removed  by  a  local  ice  cap.  These  facts  show  that  the  peripheral  belt  of 
ablation  of  the  main  ice  sheet  was  at  least  100  or  more  miles  wide,  with 
the  neve  line  well  back  on  the  ice.  Even  the  top  of  the  Adirondack  upland 
was  below  the  snow  or  neve  line,  and  hence  no  ice  cap  formed. 

R.  W.  Ells  (1898)  described  two  sets  of  striae  in  Ottawa,  one  set 
trending  southeast  and  the  other  southwest.  He  didn’t,  however,  record 
which  was  the  older  and  which  the  younger. 

G.  K.  Gilbert  (1898)  mapped  isobases  of  Lake  Iroquois  and  Lake 
Nipissing.  Fairchild  (1898)  described  kettles  in  glacial  lake  deltas,  and 
attributed  them  to  the  melting  out  of  former  ice  blocks.  A.  P.  Coleman 
( 1899)  found  fresh-water  shells  in  the  Iroquois  Beach  at  Toronto,  proving 
Lake  Iroquois  to  be  fresh.  H.  L.  Fairchild  (1899)  published  the  first 
large-scale  map  of  the  Iroquois  Beach.  The  part  in  Ontario  was  taken 
from  Spencer’s  map.  A.  P.  Coleman  (1901)  “traced”  the  marine  beach 
into  the  Ontario  basin  from  near  Prescott,  Ontario,  where  at  350  feet 
he  had  found  the  westernmost  marine  shell  fragments.  A  clay  terrace  at 
about  this  same  level  appears  westward,  and  gradually  descends  to  297 
feet  at  Coburg  and  about  216  feet  near  Toronto.  This  indicates  a  rise 
from  Maitland  to  the  shell  bed  at  Montreal  of  1.75  feet  per  mile.  In  this 
same  paper,  Coleman  extended  the  concept  of  Saxacava  sands  to  what 
he  named  Saxacava  gravel.  He  described  the  latter  as  composed  of  coarse 
gravel,  having  a  substratum  of  boulder  clay,  in  morainic  ridges  but 
arranged  by  wave  action.  One  thin  sheet  of  this  gravel  on  top  of  a  drumlin 
west  of  Finch  was  formed  as  shoals  in  a  shallow  sea  where  wave  action 
worked  up  the  stones  of  the  boulder  clay  into  local  gravel  deposits. 

The  following  year  J.  H.  Ogilvie  (1902)  summarized  and  correlated 
knowledge  to  date.  The  map  of  striae  shows  the  general  movement  to 
the  southwest  across  the  Adirondack  area.  Local  lakes  ponded  by  stagnant 
ice  were  postulated,  and  local  valley  glaciers  in  isolated  places  followed 
the  ice  cap.  H.  L.  Fairchild  (1903)  described  pre-Iroquois  channels 
between  Syracuse  and  Rome.  Coleman  (1904)  described  further  the 
Iroquois  Beach  in  Ontario.  C.  E.  Peet  (1904)  published  on  the  glacial 
and  postglacial  history  of  the  Hudson-Champlain  Valley.  H.  L.  Fairchild 
(1904)  described  the  direction  of  glacial  flow  in  central  New  York. 
A.  P.  Coleman  (1904b)  published  more  on  the  Iroquois  Beach,  and 
supplied  a  fairly  complete  map.  The  next  year  H.  L.  Fairchild  (1905) 
published  a  paper  on  Pleistocene  features  of  the  Syracuse  region,  with 
a  map  depicting  the  lake  histories.  J.  B.  Woodworth  (1905b)  published 
his  bulletin  on  the  ancient  water  levels  in  the  Champlain  and  Hudson 
Valleys.  He  showed  the  beach  remnants  of  the  ancient  water  plane  to 
rise  northward.  He  reported  the  marine  fossils  as  rising  in  altitude  from 
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Crown  Point  near  the  south  end  of  Lake  Champlain,  to  Plattsburgh  near 
the  north  end,  and  diagramed  the  marine  shore  line  as  rising  northward 
at  a  steeper  angle  than  the  preceding  lake  levels.  He  mentioned  marine 
fossils  also  in  the  St.  Lawrence  Valley  at  Ogdensburg  and  Norwood.  This 
study  of  Woodworth’s  has  been  of  major  significance,  and  with  only 
slight  modification  has  stood  the  test  of  time.  His  marine  shore  line  at 
525  feet  at  Cove  Hill  and  Lake  Vermont  shore  at  720  feet  still  stand 
as  our  best  interpretation.  H.  L.  Fairchild  (1907b)  proposed  the  name 
Gilbert  Gulf  for  the  sea  level  waters  in  St.  Lawrence  and  Ontario  basin. 
J.  W.  Spencer  (1907)  published  his  views  on  Lake  Iroquois  in  his 
description  of  Niagara  Falls  history,  and  H.  L.  Fairchild  (1907c)  pub¬ 
lished  an  abstract  on  the  extinction  of  Lake  Iroquois  when  the  ice  melted 
away  from  Covey  Hill.  H.  L.  Fairchild  (1909)  proposed  names  for  the 
succession  of  ice-dammed  lakes,  in  central  New  York,  formed  as  the  ice 
melted  north  of  the  divide.  He  gave  names  to  seven  of  them  prior  to 
Lake  Iroquois,  which  latter  he  thought  had  two  stages;  an  earlier  one 
which  drained  via  the  Mohawk  Valley  and  a  later  one  with  outlet  at 
Covey  Hill.  W.  J.  Miller  (1909)  published  a  map  of  the  ice  movement 
in  northwestern  New  York,  with  striae  south  through  the  Black  River 
Valley  and  thence  eastward  past  Utica  to  Little  Falls. 

H.  L.  Fairchild  (1910)  described  the  glacial  geology  of  the  Thousand 
Islands  region.  He  proposed  two  episodes  of  glaciation,  with  fluvial 
erosion  between  them.  He  likewise  described  the  condition  of  the  ice 
edge  standing  in  the  waters  of  Lake  Iroquois,  but  made  little  mention  of 
retreat  by  calving  to  account  for  the  lack  of  deposition  of  drift  in  the 
region.  In  fact,  he  went  to  great  lengths  to  explain  this  condition  by  lack 
of  drift  in  the  ice  itself.  J.  W.  Goldthwait  (1911)  described  the  20-foot 
terrace  in  the  lower  St.  Lawrence  Valley,  and  named  it  the  Micmac 
Terrace.  He  deduced  (1)  rapid  postglacial  rise  of  the  land  to  bring  the 
marine  terrace  to  its  maximum  elevation  of  630  feet  at  Quebec;  (2)  the 
Micmac  stability  at  sea  level  for  a  long  duration,  possibly  3,000  years, 
with  perhaps  some  slow  flooding;  (3)  slow  rise  of  the  land  to  its  present 
stand. 

H.  L.  Fairchild  (1912a)  produced  maps  of  the  early  stages  of  recession 
and  the  ice-dammed  lakes.  J.  W.  Spencer  ( 1912)  published  a  re-evaluation 
of  evidence  at  Covey  Hill  which  was  described  earlier  by  Woodworth 
(1905).  Spencer  gave  a  very  good  description  of  the  region,  and  mar¬ 
shalled  evidence  against  earlier  interpretations.  In  the  first  place  he 
contended  that  the  “Gulf”  was  not  made  by  overflow  of  the  big  lake 
which  stripped  the  milewide  overflow  channel,  but  was  made  in  post¬ 
glacial  time  by  a  small  stream  working  headward  in  the  jointed  Potsdam 
sandstone  widened  by  frost  action  and  the  “Pond”  was  formed  by  ice- jam 
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transported  blocks.  He  furthermore  pointed  out  that  a  sliore  line  for  a 
lake  cannot  be  followed  continuously,  even  though  fragments  of  beaches 
and  deltas  are  present.  The  shore  line  is  therefore  purely  hypothetical, 
and  is  produced  only  on  a  graph  by  connecting  the  fragmental  bits  of 
evidence.  Only  south  of  Watertown  are  beaches  continuous.  He  contended 
that  the  Covey  Hill  spillway  is  50  feet  above  the  level  of  Lake  Iroquois, 
whose  outlet,  he  maintained,  was  always  via  Rome.  The  floods  across 
Covey  Hill  came  from  a  lake  older  and  higher  than  Iroquois.  He  further¬ 
more  questioned  the  marine  origin  of  the  523  foot  beach  north  of  Covey 
Hill.  The  argument  that  shells  are  not  found  because  the  material  is  too 
coarse  is  not  valid,  since  they  are  present  in  even  coarser  material  not 
far  away. 

However,  H.  L.  Fairchild  (I9I2b)  accepted  the  Covey  Hill  outlet  of 
Lake  Iroquois  at  1,025  feet  and  the  marine  beach  at  525  feet.  This 
“marine”  beach  can  be  “traced”  westward  into  New  York  at  520  feet 
north  of  Chateaugay.  He  claimed  that  this  shore  line  now  has  been 
“traced”  in  “practical  continuity”  to  Potsdam  at  480  feet  (note,  modern 
maps  show  delta  tops  of  900,  and  570-580,  but  none  at  480).  Even 
though  his  altitudes  at  Gouverneur  are  frankly  extrapolations,  he  claims 
“the  correlation  of  these  beaches  with  those  at  Watertown,  in  Jefferson 
County,  is  now  positive.” 

In  this  same  publication  he  proposed  that  Lake  Iroquois  drained 
down  to  Lake  Emmons  which  in  turn,  as  ice  withdrew,  fell  to  the  level 
of  Lake  Vermont,  which  expanded  into  Champlain  and  St.  Lawrence 
Valleys  and  even  Ontario  Lowland.  This  extensive  lake  he  proposed  to 
call  Lake  Vermont-New  York.  Deltas  are  broad  in  the  Raquette,  the 
Grass,  the  Salmon,  the  St.  Regis,  and  Chateaugay  Rivers. 

In  the  Guidebook  for  the  12th  International  Geological  Congress, 
several  papers  are  of  interest.  T.  Keele  and  W.  A.  Johnston  (1913) 
described  the  surficial  deposits  near  Ottawa  as  two  sheets  of  till  with 
sand  and  gravel  between  them,  and  overlain  by  fossiliferous  marine 
clays  up  to  475  feet  altitude.  They  reported  striae  toward  the  southwest 
with  a  younger  set  crossing  them  toward  the  southeast.  In  the  same 
guidebook,  Goldthwait  (I9I3b)  described  Covey  Hill  and  environs  with 
the  upper  marine  limit  at  523  feet,  and  emphasized  that  there  is  no 
evidence  of  wave  work  above  this  altitude. 

The  following  year,  J.  W.  Goldthwait  (1914)  published  a  brief  note 
on  the  marine  beaches  in  southeastern  Quebec.  Frank  Taylor  (Leverett 
and  Taylor,  1915)  proposed  the  name  Lake  Frontenac  in  the  following 
statement  (p.  325;  plate  XXI)  “When  the  retreating  ice  opened  a  passage 
eastward  around  the  north  side  of  the  Adirondack  Mountains  to  the 
basin  of  Lake  Champlain,  the  lake  level  fell  and  the  outlet  at  Rome  was 
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abandoned.  At  this  stage  the  ice  barrier  or  dam  rested  about  on  the 
Frontenac  Axis  of  Pre-Cambrian  rocks  and  the  lake  may  therefore  be 
called  Lake  Frontenac.”  On  page  445  they  described  the  overflow 
channel  at  Covey  Hill. 

H,  P.  Cushing  (1916)  described  a  moraine  which  crosses  the  Ogdens- 
hurg  area  from  northeast  to  southwest  parallel  with  the  St.  Lawrence 
River,  “It  has  been  washed  by  post-glacial  waters  and  has  a  subdued 
topography.”  Two  miles  south  of  this  moraine  belt  stands  Mount  Lona, 
a  very  prominent  oval  hill  of  till.  Cushing  called  it  a  drumlin,  in  spite 
of  the  fact  that  striae  on  his  map  point  south  to  S  10°E,  nearly  normal 
to  its  direction  of  elongation.  In  this  assignment  he  was  evidently  follow¬ 
ing  Chadwick,  who  insisted  that  this  hill,  like  those  of  the  Canton  area, 
were  drumlins  made  by  ice  from  the  northeast.  The  morainic  hills  rise 
above  the  widespread  clay  plain  that  comprises  much  of  the  area.  Fossils 
found  in  the  clay  show  it  to  be  marine.  The  area  must  have  been  overrun 
by  earlier  glaciers,  but  the  striae  and  drift  are  by  the  last  retreating  ice 
sheet.  The  earlier  two  sets  of  striae  trend  S  40°W,  crossed  by  a  younger 
set  S  10°W  to  S  10°E,  During  ice  recession,  the  region  was  covered  by 
Lake  Iroquois  water  and  the  moraines  left  by  the  retreating  ice  were 
deposited  underneath  these  waters.  With  opening  of  the  lower  St. 
Lawrence,  seawater  flooded  the  area.  Since  then,  the  land  has  slowly  risen. 

H.  L.  Ailing  ( 1916)  published  a  significant  paper  describing  glaciation 
of  the  central  Adirondacks.  He  followed  the  earlier  suggestion  of  F.  B. 
Taylor  (1897)  :  “The  ice-sheet  melted  first  around  the  mountain  peaks 
and  retreated  down  the  slopes  forming  irregular  rings  that  held  glacial 
waters.  Melting  has  produced  a  long  succession  of  lakes,  each  with  deltas, 
beaches,  and  outlets.”  By  diagram  he  showed  the  water  plains  rising 
northward  at  2  feet  per  mile. 

H.  L.  Fairchild  (1916b)  published  again  on  uplift  in  New  York  and 
New  Hampshire. 

W.  A.  Johnston  (1917)  gave  one  of  the  first  detailed  descriptions  of 
the  Pleistocene  deposits  of  the  Ottawa  region.  He  included  measured 
sections  of  the  surficial  deposits  and  a  simple  “soil”  map.  He  found  two 
sets  of  striae,  the  first  set  due  south  and  a  later  set  crossing  them  toward 
the  southeast.  The  till  is  gray  where  it  lies  on  Paleozoic  limestone  and 
shale,  and  where  it  rests  on  crystalline  rocks  or  on  sandstone.  On  both 
till  and  bedrock,  marien  fossiliferous  clays  and  sands  are  found.  Two 
clay  layers  are  separated  by  sand  and  sandy  silt.  The  upper  clay  overlies 
the  lower  up  to  at  least  425  feet.  The  overlying  sands  he  attributed  to  the 
shoaling  episode  with  fluvial  sands  below  240  feet.  R.  W.  Ells  (Appendix) 
gave  long  lists  of  fossils  from  the  concretions  found  in  the  clay,  which 
include  birds,  fish,  chipmunk,  and  even  a  fresh-water  shell.  The  lower 
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clay  contains  an  abundant  fauna  of  Arctic  species,  whereas  the  upper 
clay  has  fewer  and  less  characteristic  forms. 

Fairchild  (1917)  described  the  area  north  of  Albany  as  covered  by  a 
delta  built  into  sea  level  waters  by  Mohawk  outlet  waters.  He  maintained 
that  since  Round  Lake  and  Saratoga  Lake  are  ice-block  depressions,  no 
large  river  ever  flowed  south  out  of  Champlain  basin,  and  therefore  the 
lower  St.  Lawrence  was  open  when  the  Fort  Edward-Whitehall  area  was 
liberated  from  the  glacier.  In  1918  he  published  further  on  postglacial 
uplift  in  northeastern  North  America,  with  maps  of  isobases. 

In  1919  Fairchild  published  a  series  of  maps  portraying  his  concept 
of  the  sequence  of  ice-dammed  lakes.  In  this  publication,  he  confused  the 
whole  problem  badly  by  assuming  that  all  the  beaches  of  the  Champlain 
Valley  were  the  result  of  wave  action  in  a  narrow  sea  level  strait  extending 
from  New  York  to  Montreal.  He  drew  only  one  water  plane  (plate  10, 
Fairchild,  1919b)  from  sea  level  at  New  York  to  740  feet  at  Covey  Hill. 
He  produced  this  plane  by  connecting  the  highest  beaches  of  each  vertical 
series.  All  the  inferior  beaches  he  thought  were  made  as  the  land  rose. 
Later  work,  especially  Chapman  (1937),  has  shown  the  upper  beaches 
to  be  lake  shores  and  the  marine  beach  to  be  down  at  525  feet  at  Covey 
Hill,  as  Fairchild  himself  had  correctly  placed  it  in  1912.  If  this  be 
corrected,  his  plate  5  of  the  1919  publication  becomes  intelligible. 

Chadwick  (1919)  had  found  shore  line  features  in  mapping  the  Canton 
quadrangle  which  were  lower  than  the  Iroquois  shore  line  should  have 
been,  but  higher  than  the  marine  level  should  have  been,  so  after  talking 
it  over  in  the  field  with  Fairchild  he  proposed  another  lake  called  Lake 
Emmons.  Nothing  has  been  heard  of  it  since.  Chadwick  proposed  beaches 
as  follows:  Lake  Iroquois,  860  to  890  feet;  Lake  Emmons,  690  feet;  Lake 
Vermont-New  York,  500  to  600  feet,  Gilbert  Gulf,  460  feet  downward. 
In  this  same  bulletin,  Chadwick  made  much  of  his  idea  that  the  till  of 
the  St.  Lawrence  Valley  has  been  “drumlinized”  by  ice  coming  from  the 
northeast.  He  accounted  for  the  south  to  S  10°E  striae  by  saying  that 
the  ice  edge  had  a  “spreading”  motion  that  carried  it  around  to  the 
southward.  He  made  littie  or  nothing  of  wave  erosion  of  the  till,  even 
though  he  discussed  both  lake  shores  and  marine  submergence. 

H.  L.  Ailing  (1921)  published  a  good  account  of  the  high  level  ice- 
dammed  lakes  in  the  Mount  Marcy  area  of  the  Adirondack  Mountains. 
E.  W.  Kindle  (1922)  published  on  the  Ottawa  Beach  of  the  Champlain 
Sea,  and  W.  Goldring  (1922)  described  the  fossils  of  the  Champlain  Sea 
and  found  a  decrease  in  number  of  species,  as  well  as  dwarfing,  toward 
the  south  in  the  Champlain  Valley  and  toward  the  southwest  in  the  St. 
Lawrence  Valley.  She  attributed  this  to  lower  salinity  near  Crown  Point 
and  Ogdensburg.  J.  H.  Cook  (1924)  published  an  important  paper  on 
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glacial  stagnation  during  recession  of  the  last  ice  sheet  from  eastern 
New  York.  He  based  his  argument  on  the  work  of  R.  D.  Salisbury  (1902) 
in  New  Jersey,  of  F.  G.  Clapp  (1904),  and  M.  L.  Fuller  (1904)  in 
Massachusetts,  and  extended  the  concept  to  make  an  effective  case  for 
stagnation  over  a  wide  region.  In  fact,  he  proposed  that  all  that  part  of 
the  ice  sheet  south  of  the  St.  Lawrence  Lowland  waned  by  stagnation. 
“It  is  doubtful  if  there  is  an  unequivocal  frontal  moraine  marking  a 
halt  in  retreat  of  a  moving  ice  sheet  throughout  the  whole  length  of  the 
Hudson  and  Champlain  valleys.”  F.  B.  Taylor  (1924)  published  a  small- 
scale  crude  map  of  what  he  proposed  as  “moraines”  of  the  St.  Lawrence 
Valley.  He  “traced”  an  “Oswego  moraine”  northward  to  Watertown  and 
thence  northeastward  until  he  “lost  it  in  the  Adirondack  forest.”  He 
mapped  ice  motion  arriving  normal  to  his  postulated  moraines  by  having 
the  ice  come  southwest  up  the  St.  Lawrence  Valley,  and  then  spread  to  the 
south  at  its  margin.  The  glacial  hills  of  the  Canton-Massena  area  he 
called  drumlins,  even  though  he  showed  them  parallel  with  his  moraines. 
It  is  too  bad  that  he  abandoned  his  earlier  idea  of  glacial  stagnation 
(F.  B.  Taylor  1897)  without  presenting  evidence  and  discussion,  for  he 
now  seems  to  have  had  elements  of  truth  in  both  papers. 

The  following  year  H.  H.  C.  Martens  (1925)  described  the  distribution 
of  glacial  boulders  in  northern  New  York.  He  pointed  out  that  the 
characteristic  boulders  from  the  Monteregian  Hills,  and  other  rocks  of 
the  southeast  townships  of  Quebec,  are  conspicuously  more  numerous  at 
a  distance  of  8  to  10  miles  southeast  of  Ogdensburg  than  they  are  within  a 
mile  or  2  of  the  St.  Lawrence  River.  This  might  be  considered  a  fore¬ 
runner  of  the  idea  of  two  ice  invasions,  one  from  the  northeast  and  one 
from  the  northwest.  H.  P.  Cushing  and  D.  H.  Newland  ( 1925)  found  no 
moraines  in  the  Gouverneur  quadrangle  and  very  little  drift,  only  a  thin 
covering  of  lake  clays.  Antevs  (1925)  quoted  from  Fairchild  that  Lake 
Iroquois  first  drained  via  Rome  and  later  via  Covey  Hill.  He  then 
proposed  that  when  the  ice  liberated  the  north  slope  of  Covey  Hill, 
Iroquois  fell  to  the  level  of  Lake  Vermont  and  cited  Fairchild  (1918, 
plate  5),  and  Woodworth  (1905)  as  describing  beaches  of  this  stand  at 
740  feet.  This  statement  is  confusing,  because  Fairchild’s  plate  5  very 
explicitly  marks  the  740  foot  shore  line  as  “marine  shore.”  Antevs  like¬ 
wise  confused  the  reader  by  saying  “The  subsequent  water  body  west  of 
Covey  Hill,  at  the  same  level  as  Lake  Vermont  is  called  Lake  Frontenac.” 
As  earlier  stated,  Leverett  and  Taylor  (1915)  had  proposed  the  name 
Lake  Frontenac  for  the  water  body  held  by  the  ice  edge  standing  on  the 
Frontenac  axis,  and  whose  waters  drained  across  the  Covey  Hill  spillway 
into  Lake  Vermont  in  the  Champlain  Valley.  Furthermore,  Fairchild 
(1912)  had  proposed  the  name  Lake  Vermont-New  York  for  the  expanded 
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water  body  with  beaches  and  deltas  now  about  730  feet  west  of  Covey 
Hill.  Antevs’  evidence  of  a  lake  in  the  St.  Lawrence-Ottawa  area  prior 
to  marine  invasion  is  substantiated  by  later  studies,  but  his  choice  of 
name  for  this  water  body  was  incorrect.  Antevs  proposed  that  the 
invasion  of  the  sea  occurred  shortly  after  the  uncovering  of  Ottawa, 
while  the  ice  front  ran  somewhat  south  of  the  junction  of  the  Ottawa  and 
St.  Lawrence  Rivers  through  southeastern  Quebec  north  of  Sherbrooke. 
In  this  region  there  was  readvance,  for  near  Angus,  15  miles  southeast 
of  Sherbrooke,  varved  clay  is  overlain  by  till  (Antevs,  1925,  p.  65) .  Since 
the  St.  Lawrence  and  Champlain  basins  are  favorably  situated  to  have 
accumulated  fine-grained  sediments,  the  finding  of  only  thin  deposits  of 
varved  sediments  shows  this  lake  to  have  been  relatively  short  lived. 
Confirmation  has  come,  during  present  study,  in  exposures  of  5  feet  of 
varved  clay  containing  60  to  80  winter  layers  in  several  of  the  new 
excavations  for  the  St.  Lawrence  Seaway.  He  postulated  that  the  waters 
of  the  Frontenac- Vermont  Lake  drained  across  the  ice  in  the  lower  St. 
Lawrence,  and  helped  to  weaken  it  for  the  sea  to  break  through  and  thus 
leave  a  large  ice  mass  southeast  of  the  St.  Lawrence.  H.  L.  Ailing  (1921) 
reconstructed  the  history  of  a  succession  of  ice-dammed  lakes  in  the 
Adirondack  valleys  during  waning  stages.  W.  J.  Miller  (1926)  published 
a  map  showing  striae  toward  SW  on  Lyon  Mountain. 

J.  W.  Goldthwait  (1926)  described  evidence  of  erosion  between  two 
bodies  of  marine  clay  in  the  Ottawa  region  caused  by  rising  and  falling 
of  the  region  as  it  came  up  to  its  present  position.  A.  P.  Coleman  (1927) 
described  two  glaciations  in  the  St.  Lawrence  region  with  fossiliferous 
marine  deposits  between  two  tills.  Restudy  of  Coleman’s  localities,  how¬ 
ever,  during  the  present  study  has  failed  to  confirm  Coleman’s  deductions. 
Coleman  described  the  material  above  the  shell-bearing  sands  as  “stony 
till  with  broken  shells.”  This  kind  of  material  is  very  common  in  the  St. 
Lawrence  region,  and  was  made  by  waves  and  currents  of  the  Champlain 
Sea  washing  out  the  finer  material  of  the  till.  It  is  called  “winnowed  till” 
in  the  current  report, 

A.  P,  Coleman  (1932)  published  a  detailed  description  of  the 
Pleistocene  of  the  Toronto  region,  but  added  no  new  ideas  to  the  history 
of  the  general  region;  H.  L.  Fairchild  ( 1932)  published  more  or  less  of 
a  summary  of  his  ideas  on  the  glaciation  of  New  York  State,  with  a  fairly 
good  bibliography. 

A,  F.  Buddington  (1934)  published  maps  of  the  Hammond,  Antwerp, 
and  Lowville  quadrangles  showing  striae,  recessional  moraine  tracts,  and 
deltaic  deposits  in  ice-dammed  lakes.  In  his  maps  and  description  of  the 
Potsdam  quadrangle,  J.  C.  Reed  (1934)  followed  Fairchild’s  (1918) 
interpretation  of  shore  lines:  Iroquois  rising  eastward  from  840  at  the 
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west  to  920  at  the  east,  and  the  marine  shore  from  600  at  the  west  to 
620  at  the  east  edge  of  the  map.  He  followed  Chadwick  in  describing 
the  glacial  hills  in  the  northern  part  of  the  quadrangle  as  drumlins 
because  of  their  rounded  elongate  shape.  A.  P.  Coleman  (1936)  pub¬ 
lished  a  large  and  detailed  map  of  the  Iroquois  shore  in  Ontario.  He 
proposed  that  the  small  fresh-looking  moraines  show  that  the  glacier- 
margin  stood  at  the  Thousand  Islands  at  Lake  Iroquois  time. 

D.  H.  Chapman  (1937)  published  a  careful  study  based  on  precise 
leveling  of  the  shore  lines  in  the  Champlain  Valley.  He  confirmed  Wood¬ 
worth’s  (1905b)  interpretation  of  two  stages  of  Lake  Vermont  above  a 
marine  shore  line.  The  upper  shore  he  still  called  the  Coveville  stage, 
draining  at  the  Coveville  outlet,  but  the  lower  one  he  named  the  Fort 
Ann  stage,  with  outlet  waters  at  Fort  Ann  instead  of  Fort  Edward  as 
Woodworth  had  placed  it.  The  three  shore  lines  are  parallel  in  their  rise 
toward  the  north,  showing  that  uplift  did  not  begin  till  after  Champlain 
Sea  time.  J.  W.  Goldthwait  (1938)  published  a  discussion  of  stagnant 
ice  in  New  Hampshire,  and  suggested  that  the  marine  limit  along  the 
Atlantic  shore  is  obscure  because  the  ocean  rested  against  stagnant  ice 
masses.  G.  M.  Stanley  (1938)  published  his  account  of  the  submerged 
channel  through  the  Straits  of  Mackinac.  He  proposed  that,  by  cutting 
the  channel,  the  Mackinac  River  drained  the  Lake  Michigan  basin  down 
to  the  Bowmanville  low  water  stage.  This  concept  involved  recession  of 
the  ice  far  enough  at  least  to  liberate  the  Straits  of  Mackinac,  prior  to  the 
readvance  of  Valders  ice  to  bury  the  Two  Creeks  forest  bed. 

E.  Antevs  (1939)  suggested  that  parallel  beaches  of  the  Great  Lakes 
were  formed  during  times  of  stillstand,  whereas  beaches  which  diverge 
northward  show  times  of  uplift.  For  the  St.  Lawrence  Lowland,  he 
assumed  parallelism  of  the  Iroquois,  his  so-called  Lake  Frontenac  and 
Champlain  Sea  shore  lines,  and  suggested  that  quiescence  prevailed 
through  Lake  Iroquois,  Lake  Frontenac,  and  into  Champlain  Sea  stages. 
Chapman  had  proposed  the  same  episode  of  quiescence  in  the  Champlain 
Valley.  Antevs  enlarged  upon  the  observation  of  W.  A.  Johnston  ( 1917) 
of  two  marine  clays  in  the  Ottawa  area,  and  proposed  that  the  two  clays 
are  the  product  of  two  marine  episodes  with  submergence  and  erosion 
between.  He  proposed  that  since  the  upper  clay  is  not  found  above  the 
240  foot  level,  the  second  invasion  rose  only  this  far.  His  second  marine 
invasion  he  proposed  to  call  the  Ottawa  Sea,  The  sections  he  described 
are  compatible  with  the  hypothesis  of  an  Ottawa  Sea,  but  contain  no 
real  proof  of  a  subaereal  erosional  interval  to  establish  unanimity  of 
opinion  on  the  matter.  The  literature  is  still  confusing,  and  the  old 
exposures  are  now  badly  slumped.  The  Canadian  Geological  Survey  is 
planning  a  careful  restudy  of  the  area  and  the  problem. 
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L.  J.  Chapman  and  D.  F.  Putnam  (1940)  published  a  paper  describing 
ice  movement  toward  the  south  in  the  eastern  part  of  Ontario,  and 
swinging  toward  the  southwest  in  the  western  part.  They  attributed  the 
change  of  direction  to  the  influence  of  the  St.  Lawrence  River.  A.  E. 
Wilson  (1946)  discussed  the  Ottawa-St.  Lawrence  Lowland  bedrock 
stratigraphy  and  structure,  and  gave  only  cursory  attention  to  the 
Pleistocene  deposits  of  terminal  moraines  and  drumlins  overlain  in  lower 
places  by  varved  clays  denoting  ice-dammed  lakes,  and  by  Champlain 
fossiliferous  clays  and  sands.  She  described  beaches  at  various  levels. 
This  same  year  she  published  a  small  map  of  a  buried  channel  of  the 
St.  Lawrence  River  south  of  Barnhart  Island,  based  on  the  engineers’ 
borings.  C.  P.  Berkey  (1947)  studied  the  effects  of  the  Massena-Cornwall 
earthquake  for  the  U.  S.  Corps  of  Engineers.  He  published  a  short  note 
confirming  that  the  damage  was  related  to  geological  conditions,  i.e., 
least  damage  to  structures  on  bedrock,  next  on  till,  next  on  gravel,  and 
most  on  marine  clay.  His  report  to  the  engineers  showed  the  Pleistocene 
deposits  on  the  northern  part  of  the  Massena  1 :62,500  scale  map.  The 
northeast-southwest  ridges  of  till  he  called  moraines,  between  which  he 
then  found  outwash  gravel  covered  with  20-50  feet  of  marine  clay  and  a 
few  feet  of  sand.  He  mentioned  boulder-strewn  beach  areas,  but  did  not 
map  them.  L.  J.  Chapman  and  D.  F.  Putnam  (1951)  published  an 
extensive  physiography  of  southern  Ontario  in  which  they  described  and 
mapped  much  of  the  Pleistocene  of  the  St.  Lawrence  Lowland  in  Ontario. 
They  interpreted  the  history  on  the  basis  of  one  Wisconsin  glaciation, 
breaking  up  into  lobes  during  deglaciation.  They  followed  their  earlier 
idea  of  southward-flowing  ice  near  Cornwall  turning  to  southwest  move¬ 
ment  parallel  with  the  St.  Lawrence,  and  depositing  northeast-southwest 
drumlins,  followed  by  Lake  Iroquois  and  Champlain  Sea. 

E.  B.  Owen  (1951a),  in  studying  the  area  on  the  north  side  of  the 
St.  Lawrence  for  ground  water,  produced  the  first  detailed  map  of  the 
glacial  and  postglacial  deposits  of  the  region.  He  mapped  low,  elongate 
northeast-southwest  ridges  of  till  rising  above  flat  clay-filled  lowlands. 
He  reported  that  the  till  ranges  from  bluish-gray  compact  to  dark- 
brownish  less  compact  material,  and  considered  it  all  one  till  sheet.  He 
found,  not  uncommonly,  in  well  records,  a  few  feet  of  outwash  gravel 
below  the  marine  clay.  He  found  a  few  feet  of  varved  fresh-water  clays 
below  the  marine  clays,  and  followed  Antevs  (1925)  in  attributing  them 
to  ‘^Lake  Frontenac”  which  covered  the  area  following  the  retreat  of  the 
ice  sheet  and  before  marine  invasion.  The  marine  deposits  he  described 
as  a  score  or  more  feet  of  marine  clay  and  silty  clay  overlain  by  a  few 
feet  of  marine  sand  in  the  lowlands,  and  a  few  feet  of  fossiliferous, 
reworked,  sandy,  gravelly  till  on  many  of  the  till  hills.  Raised  beaches 
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of  the  Champlain  Sea  occur  at  many  places,  ranging  from  about  240  feet 
to  363  feet  in  elevation.  He  gave  a  table  to  show  the  range  of  elevations, 
and  reached  the  conclusion  that  since  no  beaches  are  noticeably  more 
pronounced  than  others,  the  rise  of  the  land  was  a  slow  continuous 
process  without  noticeable  pause.  He  followed  Chapman  and  Putnam 
( 1940)  in  considering  the  till  hills  to  be  drumlins  deposited  parallel  with 
direction  of  glacier  motion,  which  was  southerly  in  the  eastern  part  of 
the  area  and  southwesterly  in  the  western  part. 

E.  F.  Osborne  (1951)  proposed  an  ice  cap  radiating  outward  from 
the  Parc  des  Laurentides  highland,  during  late  glacial  time,  which 
deposited  till  over  Champlain  marine  fossiliferous  clays  in  one  or  more 
areas.  He  suggested  that  the  local  ice  cap  may  have  been  contemporaneous 
with  Antevs’  Cochran  readvance.  Controversy  exists  over  some  of 
Osborne’s  interpretations. 

Nelson  R.  Gadd  (1953)  found  interglacial  peat  at  St.  Pierre,  Quebec, 
between  Montreal  and  Quebec  City  which  was  first  dated  at  11,000,  C^^ 
years  suggesting  it  to  be  of  Two  Creeks  Age.  Later  analyses  of  the  same 
material  indicated  age  greater  than  30,000  C^^  years  (Preston,  and 
others,  1955)  and  greater  than  40,000  C^^  years  (Rubin  and  Suess,  1955) , 
indicating  a  pre-Wisconsin  date  for  the  peat. 

During  the  same  year,  E.  B.  Owen  (1953)  published  another  detailed 
map  of  the  drift  on  the  north  bank  of  the  St.  Lawrence.  Owen  found 
no  evidence  for  subdividing  the  Wisconsin  glaciation  of  the  St.  Lawrence 
region. 

R.  F.  Flint  (1953)  proposed  that  since  Cary  ice  receded  north  of  the 
Straits  of  Mackinac  in  Two  Creeks  time,  an  equivalent  recession  from 
the  Cary  Moraine  in  southern  New  York  State  would  have  carried  it 
north  of  Ottawa  to  leave  the  St.  Lawrence  Valley  free  of  ice  during  Two 
Creeks  time.  He  proposed  that  the  St.  David  Gorge  at  Niagara  Falls  may 
have  been  cut  at  this  time.  He  suggested  a  Mankato  ice  readvance 
through  the  Ontario  basin  to  fill  the  St.  David  Gorge  with  Mankato  drift. 
Flint  cited  Coleman  (1927 ;  1932),  who  described  marine  fossils  incorpo¬ 
rated  in  till  at  Waddington  and  at  Cornwall,  as  evidence  that  the  sea 
invaded  the  St.  Lawrence  Lowland  in  Two  Creeks  time  to  depost  fossili¬ 
ferous  clay  which  was  overlain  by  readvance  of  Mankato.  (The  present 
writer,  however,  re-examined  Coleman’s  localities,  and  could  find  no 
fossils  in  the  till  itself.  Thousands  of  observations  of  till  at  the  surface 
and  in  multitudes  of  borings  have  failed  to  show  any  marine  shells  in 
the  till.)  Flint  would  have  Mankato  ice  advance  to  Glens  Falls  in  the 
Champlain  Lowland  to  produce  crumpling  of  lake  sediments  near  Fort 
Edward  (Woodworth,  1905b).  By  connecting  this  margin  of  Mankato 
advance  northward  around  the  Adirondacks  to  the  possible  stand  in  the 
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Ontario  basin,  he  proposed  to  fill  the  St.  Lawrence  Lowland  with  Mankato 
ice.  Flint  followed  Antevs  (1925,  1939)  in  having  a  “Lake  Frontenac” 
follow  ice  recession  to  deposit  a  relatively  thin  layer  of  varved  clay  on 
the  till,  prior  to  the  invasion  of  the  Champlain  Sea.  He  also  pictured  an 
emergence  with  erosion  followed  by  submergence  in  the  Ottawa  Sea. 
Flint  proposed  that  the  warmer  climate  fauna  and  flora  reported  from 
the  Ottawa  lowlands  actually  belong  to  the  Ottawa  Sea  deposits,  and 
possibly  represent  the  thermal  maximum. 

J.  L.  Hough  (1953)  discussed  a  low-water  stage  of  Lake  Chicago 
and  Lake  Huron  during  Two  Creeks  time,  and  proposed  an  ice-free  and 
marine-flooded  St.  Lawrence-Lake  Ontario  Lowland  that  was  prior  to  a 
Mankato  ice  advance  to  the  Niagara  Falls  Moraine.  He  considered  Lake 
Iroquois  to  be  post-Mankato  in  age.  P.  MacClintock  (1954a)  proposed 
that  Cary  ice  overrode  the  Adirondacks,  but  that  Mankato  ice  only 
crossed  the  St.  Lawrence  Lowland  and  impinged  against  the  northern 
slope  of  the  Adirondacks.  R.  F.  Flint  (1955)  dated  by  radiocarbon  the 
Mankato  advance  into  the  Lake  Ontario  basin.  C.  L.  Horberg  (1955) 
concluded  from  radiocarbon  dates  that  Mankato  is  older  than  Two  Creeks 
peat,  and  therefore  significantly  older  than  the  Valders  drift  which 
overlies  the  Two  Creeks  Forest.  It  follows,  therefore,  that  east  of  the 
type  section  in  Wisconsin  the  post-Two  Creeks  drift  is  correlated  with 
the  Valders.  J.  H.  Bretz  (1951)  showed  that  Valders  is  younger  than 
Port  Huron  east  of  Lake  Michigan,  and  J.  H.  Zumberge  and  J.  E.  Potzger 
(1956)  suggest  the  name  Port  Huron  be  used  rather  than  Mankato  for 
the  drift  immediately  before  Two  Creeks  time,  in  the  region  east  of  Lake 
Michigan.  R.  F.  Flint  (1956),  from  new  radiocarbon  dates,  placed  the 
Valders  maximum  at  10,700  years  ago.  He  contended  that  the  radio¬ 
carbon  dates  of  the  shells  in  Champlain  Sea  sediments  cannot  be  correct 
in  indicating  age  of  10,000  to  11,000  years  because  they  follow  Lake 
Iroquois  which  in  turn  postdates  Lakes  Lundy  and  Toleston  (dated  at 
8,500  C^^  years) .  He  proposed,  therefore,  that  the  Champlain  Sea  existed 
about  7,000  C^^  years  ago.  J.  L.  Hough  (1958)  summarized  the  history 
of  the  Great  Lakes,  and  proposed  Valders  readvance  across  the  St. 
Lawrence  and  Ontario  Lowlands  as  far  as  Niagara  Falls  Moraine,  with 
Lake  Iroquois  following  the  recession  of  this  ice.  He  accepted  Zumberge’s 
suggestion,  called  the  pre-Two  Creeks  invasion  Port  Huron,  and  pro¬ 
jected  it  into  Lake  Erie  basin  at  the  Gault  Moraine.  D.  P.  Stewart  (1958) 
described  the  ice  edge  of  Lake  Wisconsin  glaciation  against  the  northern 
flank  of  Tug  Hill  south  of  Watertown;  this  he  considered  the  last 
glaciation  of  the  St.  Lawrence  Valley.  A.  Dreimanis  and  J.  Terasmae 
(1958)  described  the  stratigraphy  of  Wisconsin  glacial  deposits  in  the 
Toronto  area,  and  demonstrated  Valders  invasion  on  the  Ontario  basin. 
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Karrow,  Clark,  and  Terasmae  ( 1961),  from  the  date  of  11,510  zb  240 
years  for  wood  buried  below  Lake  Iroquois  Beach  at  Hamilton,  Ontario, 
conclude  that  Lake  Iroquois  was  formed  during  the  retreat  of  Port 
Huron  ice  and  that  Valders  drift  boundary  lies  north  of  Lake  Ontario. 


Chapter  IV 
Geography 


Climate 

The  St.  Lawrence  area  lies  in  the  climatic  zone  designated  as  Humid 
Continental  with  cool  summers  {Dfb  of  the  Koppen  system).  January 
temperatures  average  13°F  and  July  temperatures  about  69°F  (Clayton, 
1927).  This  means  that  commonly  there  are  long  cold  spells  in  the 
winter,  and  that  summers  are  mostly  pleasant  with  a  few  hot  spells  of  a 
week  or  so.  There  is  enough  rain  (  3.5  inches  per  month)  so  that  dairying 
and  crops  grown  mostly  to  support  this  industry  flourish.  Corn  and 
grass  silage  are  the  most  important  winter  feed. 

Soil 

The  soils  are  classified  as  part  of  the  Gray-Brown  forest  group.  The 
U.  S.  Department  of  Agriculture  has  mapped  the  soils  on  inch-to-the-mile 
maps  in  great  detail  (Lounsbery  and  others,  1925).  In  St.  Lawrence 
County,  the  map  made  in  1925  distinguishes  40  soil  types.  Some  of  these, 
however,  belong  to  three  groups:  (1)  soils  of  loose,  friable  consistency 
and  open  structure,  of  the  Colton,  Merrimac,  Rubicon,  Saugatuck,  and 
Hinckley  series;  (2)  soils  showing  slight  compactness  in  the  subsoil,  of  ! 
the  Gloucester,  Hermon,  Parishville,  Madrid,  Lyons,  Whitman,  Farm¬ 
ington,  Ondawa,  and  Podunk  series;  (3)  soils  with  a  heavy  compact  ^ 
subsoil,  of  the  Vergennes  and  Dunkirk  series.  Whereas  the  soil  map  does  ( 
not  specify  the  parent  material,  the  geologist  finds  that  Gloucester,  | 
Hermon,  Whitman,  and  Parishville  soils  lie  on  glacial  till  which  has  little 
or  no  lime,  and  is  derived  either  from  Precambrian  terrain,  or  older 
leached  till;  Madrid,  Lyons,  and  Farmington  soils  lie  on  calcareous  till  ' 
lowlands;  Vergennes,  Dunkirk,  Allendale,  and  Granby  lie  on  marine 
clays;  Merrimac,  Colton,  Saugatuck,  and  Rubicon  lie  on  lacustrine  sands; 
Podunk  and  Ondawa  occupy  alluvial  flats  along  present  rivers.  i 

The  new  map  of  Jefferson  County  (Knox,  1952),  groups  the  soils  into 
soil  associations,  combining  the  concepts  of  the  great  soil  groups  of  (1) 
alluvial  soils,  (2)  Gray-Brown  forest  soil,  (3)  Gray-Brown  Podzolic  soil,  . 
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(4)  Podzol,  (5)  wet  soil,  and  also  the  geologic  parent  material  such  as 
till,  lacustrine  clays,  silts,  sands,  or  outwash  gravels.  The  modern  classi¬ 
fication  into  catenas  is  likewise  used  for  a  group  of  soil  series  developed 
from  the  same  parent  material,  but  differing  in  drainage  from  well- 
drained  to  poorly  drained  conditions. 

Franklin  County  has  been  recently  remapped,  and  the  report  should 
be  published  shortly. 

Drainage 

The  northern  edge  of  the  Adirondack  upland  is  drained  northward  to 
the  St,  Lawrence  River  by  the  following  major  rivers  from  west  to  east; 
Indian,  Oswegatchie,  Grass,  Raquette,  St.  Regis,  Salmon,  Trout,  and 
Chateaugay.  All  have  a  similar  pattern  northward  out  of  the  highlands, 
and  thence  turning  northeastward  to  follow  the  “grain”  of  the  glacial 
hills  in  the  lowland.  This  fact  amply  demonstrates  that  at  least  these 
lower  courses  are  postglacial  and  consequent  on  the  glacial  deposits.  The 
innumerable  lakes  and  swamps  in  the  headwaters  of  these  rivers  assure 
them  of  the  very  uniform  flow.  Like  the  St.  Lawrence,  these  rivers  have 
accomplished  very  little  erosion  of  the  till  in  the  northeast-trending  por¬ 
tions  of  their  valleys.  There  has  been  some  dissection  of  the  clay  fillings 
of  the  lowlands  by  the  rivers  and  by  their  tributaries.  The  striking 
exception  to  the  small  amount  of  river  erosion  is  found  in  the  valleys  of 
the  Salmon,  Trout,  and  Chateaugay.  These  rivers  have  cut  small  box 
canyons  as  much  as  75  to  100  feet  deep  into  the  slabby  Potsdam  sand¬ 
stone.  This  occurs  where  the  rivers  have  steep  gradients  across  jointed 
sedimentary  rocks.  The  Chateaugay  River,  for  instance,  drops  from  its 
source  in  Chateaugay  Lake  (1,300  feet  above  sea  level)  to  the  St. 
Lawrence  Plain  (300  feet  elevation)  in  just  15  miles,  or  gradient  of 
67  feet  per  mile. 

Both  large  and  small  lakes  are  present  in  the  western  part  of  the 
lowlands,  where  small  drift  dams  block  preglacial  drainage.  These  lakes 
are  usually  quite  shallow.  The  exceptions,  however,  are  Sylvia  and  Trout 
Lakes  on  the  Gouverneur  quadrangle.  These  lakes  lie  in  soluble  meta¬ 
sedimentary  terranes,  and  mine  exploration  borings  seem  to  suggest 
solution  (Brown,  1936).  No  lakes  are  found  in  the  lowland  east  of 
Ogdensburg. 

Bedrock 

Bedrock  (Cushing,  1916;  Chadwick,  1920;  Wilson,  1946)  consists  of 
early  Paleozoic  limestone,  sandstone,  and  shale  except  where  the  Fronte- 
nac  Axis  of  Precambrian  metamorphic  rocks  crosses  the  lowland  in  the 
area  of  the  Thousand  Islands.  The  surface  of  the  bedrock  has  very  slight 
relief.  Test  drilling  in  the  international  rapids  section  of  the  seaway 
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project  makes  it  possible  to  construct  a  topographic  map  of  the  top  of 
bedrock  (figure  3).  This  map  sliows  a  valley  60  to  70  feet  deep  and  a 
mile  wide.  The  St.  Lawrence  River  flows  on  rock  ledges  at  Rapids  Flat 
and  Gallup  Rapids. 


Chapter  V 
Physiography 
Physiographic  Setting 

The  St.  Lawrence  Lowland  area  forms  the  northern  section  of  the 
St.  Lawrence  Valley  physiographic  province  (Fenneman,  1930).  It  is 
the  broad  area,  less  than  a  thousand  feet  in  altitude,  lying  between  the 
Adirondack  province  on  the  south  and  the  Laurentian  Plateau  on  the 
north,  through  which  the  St.  Lawrence  River  flows  on  its  way  from  Lake 
Ontario  to  the  sea  (figure  4).  Since  it  has  occupied  its  present  location 
in  postglacial  time,  the  St.  Lawrence  River  has  not  had  enough  time  to 
cut  a  valley  for  itself.  It  is  simply  a  spillway  of  Lake  Ontario,  pouring 
around  and  among  the  small  bedrock  hills  at  its  western  end  and  the 
hills  of  glacial  till  farther  east.  Consequently,  it  is  ungraded  and  is  studded 
with  rapids,  such  as  the  Gallup  and  the  Long  Sault  Rapids.  In  the  latter 
case,  the  river  descends  82  feet  in  about  3  miles. 

Because  the  St.  Lawrence  issues  from  Lake  Ontario,  it  is  not  subject 


Figure  4.  Relief  map  of  St.  Lawrence  Lowland 
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Figure  5.  Index  map  of  the  physiographic  subsections 
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to  extreme  floods  and  low  water  as  are  normal  rivers.  By  eroding  fine 
material  which  its  normal  flow  can  handle,  it  has  left  the  coarser  material 
as  an  armor  protecting  the  banks  from  further  erosion.  As  a  result,  the 
St.  Lawrence  has  accomplished  remarkably  slight  erosion  for  so  large  a 
river.  The  lowlands  are  underlain  for  the  most  part  by  flat  to  gently 
dipping  Paleozoic  sediments,  the  erosion  of  which  has  given  rise  to  the 
lowlands.  The  region  has  partaken  of  the  physiographic  history  of  eastern 
North  America  with  widespread  Tertiary  peneplaination,  followed  by 
uplift  and  degradation  of  the  softer  rocks  to  flat-bottomed  lowlands.  The 
late  Tertiary  erosion  surface  was  still  intact  with  only  gentle  valleys,  less 
than  a  hundred  feet  deep,  when  it  was  overrun  by  the  Pleistocene  glaciers. 

Physiographic  Subdivisions 

South  of  the  international  boundary,  the  lowland  exhibits  several  types 
of  topography  different  enough  to  allow  subdivision  into  subsections. 
Even  though  the  boundaries  are  not  everywhere  simple  to  draw,  the 
characteristics  of  each  of  the  following  subdivisions  are  fairly  diagnostic 
( figure  5)  : 

Subsections 

I.  Western  tableland 

II.  Frontenac  axis 

III.  Black  Lake  tableland 

IV.  Pine  Plains 

V.  Southwestern  Massive  Moraines 

VI.  Oriented  till  ridges 

VII.  Lobate  Moraine 

Boyden  Brook  lobe 
Raquette  River  lobe 
St.  Regis  River  lobe 
Bangor  lobe 
Salmon  River  lobe 

Area  of  Bedrock  Topography  Exposed  by  Calving  Retreat 

The  Western  tableland,  the  Frontenac  axis,  and  the  Black  Lake  table¬ 
land  subsections  constitute  a  region  where  the  bedrock  details  of  a 
strongly  glaciated  lowland  have  been  exposed  to  view.  This  unique  surface 
exists  because  the  melting  ice  margin  stood  in  a  lake,  so  that  calving  ice¬ 
bergs  carried  away  drift  which  otherwise  would  have  covered  the  bedrock. 

The  most  conspicuous  characteristics  of  this  part  of  the  lowland  are: 
(1)  the  rare  occurrence  and  small  bulk  of  the  till  deposits;  (2)  the  large 
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areas  of  bedrock  exposed;  (3)  the  close  relationship  of  the  surface  topog¬ 
raphy  to  bedrock  structure;  and  (4)  the  predominance  of  lacustrine  sedi¬ 
ments  which  lie  directly  on  the  bedrock.  The  most  important  of  these 
characteristics,  from  the  point  of  view  of  the  Pleistocene  geologist,  is  the 
fact  that  no  large  or  thick  accumulations  of  till  occur  in  the  area.  Since 
the  region  has  been  subjected  to  repeated  glaciation,  widespread  morainic 
structures  would  normally  be  expected  to  form  the  backbone  of  the  topog¬ 
raphy.  This  is  not  the  case  here,  however,  and  the  area  is  essentially 
lacking  in  deposits  of  till. 

Boundary 

The  southern  boundary  of  the  calving  area  lies  along  the  Black  River 
eastward  from  Lake  Ontario  to  the  village  of  Black  River.  The  margin 
swings  north  from  Black  River  around  the  Black  River — Evans  Mills 
Moraines  to  Evans  Mills  and  thence  southeastward  to  Leraysville,  where 
the  surface  is  overlapped  by  the  sandy  sediments  of  the  Pine  Plains.  From 
Leraysville,  the  boundary  follows  the  contact  of  the  Pine  Plains  north¬ 
eastward  to  Sterlingville  and  thence  eastward  via  Reedsville  and  North 
Wilna  to  Natural  Bridge. 

The  eastern  boundary  of  the  calving  region,  in  the  area  mapped,  ap¬ 
proximately  follows  the  eastern  margin  of  the  Antwerp  sheet  to  the  north¬ 
east  corner  of  the  quadrangle,  and  then  the  southern  margin  of  the 
Gouverneur  and  Russell  quadrangles  to  the  point  due  south  of  East 
Edwards.  The  area  exposed  by  calving  retreat  continues  southeastward 
into  the  adjacent  quadrangles  that  were  not  surveyed  during  this  inves¬ 
tigation.  From  the  locality  south  of  East  Edwards,  the  eastern  boundary 
follows  closely  the  western  edge  of  the  Russell  quadrangle  northward 
through  Edwards  and  Hermon,  thence  northeast  to  Pyrites  where  it  swings 
north  to  Canton. 

The  northern  boundary,  from  the  northeast  corner  of  the  section  at 
Canton,  follows  the  Grass  River  for  a  few  miles  in  a  northwesterly  direc¬ 
tion  and  then  swings  southwest  to  Rensselaer  Falls,  and  thence  westward 
to  Black  Lake.  It  follows  the  Black  Lake  depression  to  Edwardsville,  where 
it  turns  northward  to  Morristown.  From  Morristown  the  boundary  follows 
the  St.  Lawrence  River,  to  include  the  Thousand  Islands  to  Lake  Ontario. 

This  area  thus  covers  all  the  Cape  Vincent  and  Clayton  quadrangles; 
the  Theresa  quadrangle,  except  the  extreme  southeast  corner;  and  the 
northern  two  thirds  of  the  Antwerp  sheet.  It  also  includes  the  entire  areas 
of  the  Grindstone,  Alexandria  Bay,  Hammond,  and  Gouverneur  quad¬ 
rangles  ;  the  southern  one  third  of  the  Brier  Hill  sheet ;  the  southwestern 
corner  of  the  Canton  and  the  western  edge  of  the  Russell  quadrangle 
(figure  5). 
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I.  Western  Tableland  Subsection 

At  the  western  end  of  the  province,  fringing  Lake  Ontario  and  extend¬ 
ing  some  20  miles  eastward  to  the  vicinity  of  Clayton  and  Theresa,  is  the 
Western  tableland  subsection  (Buddinglon,  1934).  The  topography  is 
composed  of  broad  flat-topped  hills  of  flat-lying  Paleozoic  sediments. 
Stream  valleys  dissect  the  terrain  into  steep-sided  mesa-like  hills.  The 
mesas  are  marked  occasionally  by  low  scarps  where  the  topography  rises 
from  one  bed  to  the  top  of  the  next  higher  one.  The  tablelands  are  covered 
with  a  thin  deposit  of  lake  clays,  silts,  and  sands  usually  only  a  few  feet 
thick;  in  many  places  the  bedrock  is  bare  over  a  square  mile  or  more. 
The  surface  is  strewn  extensively  with  erratic  boulders.  Here  and  there 
are  a  few  scattered  kame  hills  of  gravel,  and  a  few  patches  of  till.  One 
of  the  striking  phenomena  of  this  area  is  that  the  stream  valleys  cut  into 
the  bedrock  have  not  been  filled  with  glacial  drift.  Many  of  the  capacious 
valleys  either  have  no  stream  at  all  in  them  or  only  an  insignificant  trickle 
of  water,  which  obviously  couldn’t  be  the  agent  which  excavated  the  valley 
as  we  see  it  today,  or  could  not  have  stripped  out  a  filling  of  glacial  drift 
if  it  had  ever  been  present.  Many  of  the  depressions  contain  only  a  thin 
bottom  coating  of  varved  lake  clays  lying  on  bedrock.  There  is  everywhere 
abundant  evidence  that  the  region  has  been  overrun  and  heavily  scoured 
by  the  glacier;  when  recession  took  place,  glacial  drift  was  deposited  in 
only  a  few  places,  however. 

The  reason  for  these  aspects  of  the  tableland  topography  is  that  the 
region  was  liberated  from  the  ice  while  the  edge  stood  in  the  waters  of 
an  ice-dammed  lake.  The  ice  edge  calved  into  the  lake  and  floated  away 
as  icebergs.  They  carried  with  them  the  load  of  glacial  drift  distributing 
it  widely  over  the  Lake  Ontario  basin,  rather  than  depositing  it  as  a  mantle 
of  drift  over  the  bedrock  where  the  ice  had  melted  on  land. 

II.  Frontenac  Axis  Subsection 

This  area  was  named  long  ago  for  the  early  fort  and  village  at  the 
present  site  of  Kingston.  The  Frontenac  axis  is  a  belt  of  Precambrian 
rocks  which  constitute  a  link  at  the  surface  between  the  Precambrian  up¬ 
lands  of  Ontario  and  those  of  the  Adirondack  province.  It  crosses  the 
St.  Lawrence  River  at  the  Thousand  Islands,  producing  the  varied  and 
picturesque  patterns  of  these  islands.  The  Frontenac  axis  is  the  axis  of  an 
anticlinorium,  trending  NW-SE  across  the  river  at  about  Alexandria  Bay, 
from  which  Paleozoic  sediments  have  been  partly  stripped  to  expose  the 
Precambrian  basement.  The  topography  of  the  Frontenac  axis  is  very 
distinctive.  In  general  it  is  quite  flat,  but  in  detail  it  is  somewhat  rough. 
Hills  of  Precambrian  metamorphic  and  igneous  rock,  rounded  and 
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smoothed  at  their  crests,  rise  30  to  50  feet  above  broad,  flat,  clay-filled 
lowlands  through  which  streams  wander  aimlessly  in  valleys  a  few  feet 
deep  between  swampy  areas.  To  this  type  of  topography  north  of  the  river, 
in  Ontario,  Chapman  and  Putnam  (1951)  gave  the  descriptive  name  of 
“knobs  and  flats.” 

In  numerous  localities  of  this  subsection,  outliers  of  the  Potsdam  sand¬ 
stone  form  flat  tops  of  the  higher  hills.  The  sandstone  was  deposited 
unconformably  upon  the  gentle  topography  of  the  Precambrian  peneplain, 
and  originally  covered  the  entire  foothill  belt  of  the  Adirondacks.  The 
patches  of  Potsdam  sandstone  are  therefore  erosional  remnants  left  during 
post-Cambrian  dissection  of  the  region. 

The  Frontenac  axis  subsection  is  composed  of  two  major  areas.  The 
smaller  of  these  includes  the  Thousand  Islands,  and  the  strip  of  crystalline 
rock  along  the  St.  Lawrence  River  between  Fisher’s  Landing  and  Chip¬ 
pewa  Bay.  The  second  and  larger  mass  is  east  of  Black  Lake  and  a  line 
drawn  north  and  south  from  Redwood  to  Evans  Mills.  The  two  areas  are 
connected,  however,  by  a  narrow  neck  of  crystalline  rock,  less  than  114 
miles  in  width,  located  4^/0  miles  north-northwest  of  Redwood  at  the  head 
of  Crooked  Creek.  The  surface  of  the  Frontenac  axis  subsection  is  carved 
into  ridge  and  valley  topography.  The  ridges  are  generally  small  and  low 
in  the  locality  where  the  Grenville  rocks  are  at  the  surface,  but  are  higher 
and  more  massive  where  they  are  composed  entirely  of  igneous  rock, 
particularly  granite,  or  are  capped  by  Potsdam  sandstone. 

The  ridges  are  aligned  in  a  northeast-southwest  direction,  parallel  to 
the  trend  of  the  regional  structure.  The  glacial  ice  which  covered  the  area 
moved  across  the  ridges  at  various  angles,  as  shown  by  striae,  in  some 
areas  oblique  and  other  localities  acute.  The  regional  aspects  of  the  topog¬ 
raphy  were  affected  only  to  the  extent  of  etching  out  soft  or  jointed  rock 
to  bring  the  grain  of  the  structure  into  relief  (figure  6) . 

Many  geologists  have  assumed  that  the  trend  of  the  ridges  parallels 
the  ice  direction.  The  present  study  of  striations  in  this  area  clearly  shows 
this  not  to  be  true.  The  conclusion  that  bedrock  has  been  the  most  influ¬ 
ential  factor,  does,  however,  agree  with  the  findings  of  Zumberge  (1955) , 
who  studied  glacial  erosion  in  areas  of  tilted  strata  and  was  able  to  report 
with  confidence  that  the  structure,  especially  the  jointing  of  the  rock, 
was  the  controlling  factor.  These  conclusions  are  also  in  accord  with  those 
of  Buddington  (1934,  p.  24)  who  contends  that  the  ice  “merely  modified” 
but  did  not  “produce  the  major  feature”  of  the  topography. 

Direction  of  Ice  Movement 

Striae  recorded  by  former  invesligalors  suggested  ice  movement  south¬ 
west  through  the  axis  of  the  St.  Lawrence  Valley,  approximately  parallel 
to  the  present  course  of  the  river,  and  spreading  from  this  axis  toward  the 
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Figure  6.  Exposed  structure  in  Grenville  rocks,  as  seen  toward  the  southeast  from  above  Black 
Lake,  Hammond  quadrangle. 

Photograph  by  $5  Photo  Co. 
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south.  The  striae  recorded  during  the  present  survey,  and  particularly 
those  in  the  Brier  Hill  and  Hammond  quadrangles,  however,  do  not  bear 

out  this  conclusion. 

In  areas  where  the  Potsdam  sandstone  is  exposed  at  the  surface  in  this 
region,  glacial  striations,  parabolic  tension  cracks,  and  lunar  marks  of 
shear  cracks  are  well  preserved,  and  the  direction  of  the  ice  can  be  accur¬ 
ately  determined  (figure  7).  Numerous  measurements  were  made  of  the 
striation  directions  adjacent  to  the  river,  and  it  is  the  present  conclusion 
that  the  ice  which  made  them  did  not  move  up  the  river  valley,  but  instead, 
moved  across  the  river  in  a  southerly  direction.  This  is  to  say,  ice  which 
made  the  striae  moved  southward  from  the  north  side  of  the  river. 

If  the  ice  had  moved  up  the  river  and  spread  out  southward,  the  stria¬ 
tions  would  show  ice  direction  essentially  parallel  to  the  river  (south¬ 
west)  and  becoming  more  southerly  to  the  southward.  The  ice  movement, 
in  this  case,  would  be  the  result  of  two  components  of  motion :  the  south- 


Figure  7.  Slab  of  Potsdam  Sandstone,  with  parabolic  tension  cracks, 
sawed  and  pulled  apart  to  show  that  cracks  are  vertical  or  slightly 
reversed  in  dip.  The  arrow  is  the  direction  of  ice  movement;  the 
cracks,  therefore,  were  produced  by  tension  within  the  rock 
Chippewa  Bay 
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westerly  movement  of  the  master  lobe  and  the  southerly  spreading-out- 
movement  due  to  the  weight  of  the  ice.  Buddington  (1934,  p.  48),  in  a 
diagram  modified  from  a  map  by  Frank  B.  Taylor  (1924),  shows  this 
movement  clearly.  The  fact  is,  however,  that  the  striations  and  chatter 
marks  in  the  vicinities  of  Morristown  and  Ogdensburg  show  that  the  ice 
was  moving  almost  due  south  when  it  crossed  the  river,  and  the  direction 
of  movement  became  more  southwesterly  as  it  moved  toward  the  south. 

The  striations  studied  and  measured  during  the  present  investigation 
in  the  Brier  Hill  and  Hammond  quadrangles  are  numerous  enough  to 
substantiate  this  conclusion.  The  most  easterly  of  these  measurements  is  1 
mile  south  of  the  city  of  Ogdensburg.  These  striations,  which  trend  due 
south,  were  measured  on  the  Ogdensburg  dolomite  in  a  small  excavation 
that  was  being  dug  at  the  time  of  this  survey.  A  similar  south-trending 
striation  was  measured,  in  a  basement  excavation,  2  miles  west  of  Ogdens¬ 
burg.  One-half  mile  west  of  Morristown,  striations  were  found  on  the 
Potsdam,  about  100  yards  from  the  river,  which  show  the  ice  movement 
to  have  been  S  5°E.  Cushing’s  map  of  the  Ogdensburg  area  shows  five 
sets  of  striations  between  Morristown  and  Point  Comfort,  all  of  which 
trend  approximately  due  south  (Cushing,  1916).  The  present  survey 
found  striations  1  mile  east  of  Point  Comfort,  2/10  of  a  mile  from  the 
river  trending  S  5°W.  Two  miles  due  south  of  the  river  in  this  area 
the  striation  directions  are  10  to  15  degrees  west  of  south,  and  along  the 
north  shore  of  Black  Lake  the  striations  trend  15  to  20  degrees  west  of 
south.  The  evidence  that  the  ice  directions  was  generally  southward  in 
the  Hammond,  Antwerp,  and  Theresa  quadrangles  has  already  been  noted 
by  Buddington  (1934,  pp.  49-51)  and  Fairchild  (1910b,  p.  160).  Ice, 
therefore,  approached  the  river  from  the  north  in  the  vicinity  of  Morris¬ 
town  and  Ogdensburg,  and  crossed  the  river  in  a  direction  that  was 
essentially  south.  To  the  west  of  Morristown,  the  ice  directions  are  more 
nearly  parallel  to  the  river  as  the  striations  show  a  more  southwesterly 
direction.  Fairchild  (1910b,  p.  160),  for  example,  records  directions  of 
S  25 °W  at  Chippewa  Bay,  S  25-40° W  at  Alexandria  Bay,  and  S  40-50° W 
at  Clayton.  It  is  believed  that  the  last  ice  sheet  in  this  area  also  approached 
from  the  north  but  that  its  movement  spread  to  the  southwest,  due 
possibly  to  the  influence  of  the  river  valley. 

Glacial  striae  are  rare  in  the  southwestern  part  of  the  lowland,  where 
Ordovician  limestones  form  the  bedrock.  One  spectacular  exception  to 
this  generality  occurs  in  a  limestone  quarry  along  N.  Y.  Highway  179, 
2  miles  southeast  of  Chaumont  (Clayton  quadrangle).  Here,  dense  cal¬ 
careous  varved  clays  have  been  stripped  to  expose  an  area  of  about 
300  X  500  feet  of  limestone,  which  is  covered  with  striae.  An  older  S  20°W 
set  is  crossed  by  a  younger  S  38 °W  set.  Parallel  with  this  younger  set  is 
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smeared  a  layer  ^  to  1  inch  thick  of  buff  till,  grooved  S  38  °W,  Careful 
inspection  shows  the  surface  of  this  till  smear  to  be  water  washed.  This 
was  obviously  done  by  the  waters  of  the  lake  before  varves  were  de¬ 
posited  on  the  till.  The  till  is  cemented  into  a  hard  brittle  rock  by  the 
deposition  of  calcareous  material  leached  from  the  overlying  varved  clay, 
which  contains  many  small  concretions  in  its  lower  part.  Had  not  this 
cementation  taken  place,  the  till  would  doubtless  have  been  removed 
during  the  stripping  operations.  The  fabric  of  the  stones  in  this  layer  of 
till,  which  was  evidently  emplaced  by  being  smeared  onto  the  limestone, 
shows  strong  maximum  at  N  38°E,  parallel  to  the  grooving  of  the  till. 
This  occurrence  shows  that  the  fabric  was  produced  during  the  grooving. 

III.  Black  Lake  Tableland  Subsection 

From  Chippewa  Bay  to  Ogdensburg  and  between  Black  Lake  and  the 
St.  Lawrence  River,  flat-lying  Paleozoic  sediments  produce  tableland 
topography.  Only  patches  of  till,  a  few  feet  thick,  are  found  here  and 
there  below  lake  beds. 

IV.  The  Pine  Plains  Subsection 

The  Pine  Plains  have  been  described  and  discussed  in  detail  by  former 
writers,  by  Fairchild  (1912a),  in  particular.  This  extensive  sand  deposit, 
that  extends  from  Natural  Bridge  westward  to  the  village  of  Black  River 
and  covers  a  large  portion  of  the  Antwerp  quadrangle,  has  been  desig¬ 
nated  a  delta  deposit  of  the  Black  River.  Buddington  (1934,  pp.  35-37) 
distinguished  two  deltas,  formed  during  different  lake  stages,  one  the 
Indian  River  Delta  in  the  vicinity  of  Natural  Bridge,  and  the  other  the 
Black  River  Delta  farther  west.  This  distinction  was  made  because  of 
the  higher  elevations  in  the  vicinity  of  Natural  Bridge. 

During  the  present  investigation,  evidence  was  sought  which  would 
definitely  prove  or  disprove  the  deltaic  origin  of  the  Pine  Plains.  These 
efforts,  as  yet,  have  failed  to  accomplish  the  desired  results.  Wind-blown 
sand  generally  covers  the  surface  of  the  deposit,  so  that  no  openings  or 
outcrops  have  been  found  that  show  the  character  of  the  material. 

In  many  areas  on  the  Pine  Plains,  blowouts  reveal  large  boulders  in 
the  sand.  Although  many  deltas  contain  larger  fragments,  those  in  the 
Pine  Plains  sands  do  not  seem  to  fit  the  pattern  of  a  predominantly 
sandy  delta.  It  seems  possible  that  this  deposit  was  made  when  an  ice 
front  stood  in  the  area,  as  Buddington  (1934,  pp.  35-37)  suggests  in  the 
Natural  Bridge  section,  and  that  the  sandy  material  may  have  come  partly 
from  melting  ice.  It  is  a  fact  that  the  frontal  moraines  of  this  region  are 
composed  of  a  sandy  till.  It  is  proposed,  therefore,  that  although  much 
of  the  sand  was  undoubtedly  transported  by  streams,  at  least  a  part  of 
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the  material  composing  the  plain  is  of  glacial  origin.  The  sediment  of  the 
gradually  sloping  edge  of  the  plains  could  have  been  distributed  at  a 
later  date  by  wave  action. 

V.  The  Southwestern  Massive  Moraine  Subsection 

The  only  massive  moraines  with  bold  relief  mapped  in  the  western 
part  of  the  lowland  are  located  along  the  Black  River  in  the  Antwerp  and 
Theresa  quadrangles.  The  extent  of  these  moraines  is  not  known,  but  they 
may  be  a  part  of  a  larger  morainic  system  beyond  the  limits  of  this 
survey.  Because  of  the  possible  significance  of  these  moraines  to  future 
investigations,  they  are  designated  a  separate  subsection  in  spite  of  their 
small  extent. 

The  moraines  of  this  subsection  range  in  elevation  from  500  to  600 
feet  in  the  vicinity  of  the  village  of  Black  River,  to  over  800  feet  in  the 
southeast  corner  of  the  Antwerp  quadrangle.  The  structures  are  composed 
of  sandy,  bouldery  till  with  sand  content  much  higher  than  other  tills  of 
the  lowland. 

VI.  Oriented  Till  Ridges  Subsection 

Extending  from  just  west  of  Ogdensbiirg  northeastward  65  miles  to 
the  international  boundary  north  of  Malone,  is  a  belt  of  low,  elongate 
ridges  of  till  rising  from  clay  and  sand-filled  intervening  lowlands.  This 
belt  averages  about  18  miles  in  width.  The  mounds  of  till  are  elongated 
parallel  with  the  St.  Lawrence  River,  and  trend  in  a  northeast-southwest 
direction.  These  ridges  have  been  subdued  by  waves  and  currents  of  the 
postglacial  Champlain  Sea.  The  crests  of  the  hills  are  commonly  capped 
by  coarse  stony  debris  containing  marine  shells.  This  deposit  was  evi¬ 
dently  left  when  the  waves  winnowed  out  the  fine  constituents  of  the  till 
and  washed  them  into  the  lowlands.  Since  the  coarser  constitutents  of  the 
till  make  up  about  one  fourth  of  the  volume  of  the  till,  it  is  believed  that 
lowering  of  the  tops  of  the  hills  by  30  or  40  feet  would  account  for 
approximately  the  amount  of  winnowed  till  that  commonly  caps  these 
hills.  It  is  concluded,  therefore,  that  the  higher  parts  of  the  morainal 
topography  have  been  lowered  a  score  or  more  feet  by  this  wave-wash 
and  the  intervening  lowland  aggraded  a  commensurate  amount.  Except 
in  a  few  places  near  Trout  River,  this  lowering  has  largely  destroyed 
such  details  of  end  moraine  topography  as  might  have  been  present. 

VII.  Lohate  Moraine  Subsection 

Above  the  level  of  the  Champlain  Sea,  end  moraine  topography  is 
still  present  on  the  drift. 
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Boyden  Brook  Lobe.  In  the  headwaters  of  Boyden  Brook,  just  west 
of  Pierrepont  on  the  Canton  quadrangle,  end  morainic  topography  with 
a  distinct  little  esker  is  well  preserved  at  an  altitude  of  about  600  feet. 

Raquette  River  Lobe,  South  of  Nicholville  on  the  Nicholville  quad¬ 
rangle  is  a  large  lobe  of  end  morainic  topography.  It  extends  about  5 
miles  to  the  south  to  form  the  dam  at  the  north  end  of  Lake  Ozonia,  at 
an  altitude  of  about  1,200  feet.  Many  kames  are  present,  and  a  large 
kame  terrace  flanks  the  St,  Regis  River  at  Days  Mill.  This  moraine  is 
composed  of  Malone  drift. 

Bangor  Lobe,  On  the  Malone  quadrangle,  the  re-entrant  against  the 
north  side  of  the  highlands  contains  a  large  patch  of  end  moraine 
topography,  which  extends  from  Bangor  4  miles  to  the  southward  to 
the  small  hamlet  of  Skerry. 

Salmon  River  Lobe.  This  projects  southward  to  Malone,  on  the 
Malone  quadrangle.  Here  the  morainal  topography  has  been  largely 
buried  by  postglacial  lake  delta  deposit. 

Adirondack  Province 

The  northern  fringe  of  the  Adirondack  province  is  included  briefly 
in  the  current  study.  It  is  a  gently  undulatory  upland  of  1,000  to  2,000 
feet  altitude,  into  which  500  to  600  foot  valleys  have  been  cut.  The 
uplands  are  mantled  with  relatively  thin  glacial  till,  through  which  the 
bedrock  projects  in  rounded  boss-like  masses.  The  valleys  contain  kame 
terraces,  which  along  with  the  many  sand  plains  of  extinct  ice-dammed 
lakes,  demonstrate  that  the  ice  sheet  which  overrode  the  Adirondacks 
stagnated  and  melted  down  in  situ.  The  surface  physiography  might 
therefore  be  characterized  as  consisting  of  rounded  rock  bosses  (roches 
moutonnes),  thin  till  patches,  sand  plains,  and  kame  terraces. 

Chapter  VI 
Glacial  History 

Subdivisions  of  the  Pleistocene  Epoch  in  North  America 

As  long  recognized,  the  standard  Pleistocene  sequence  in  North 
America  is  as  follows: 

7.  Wisconsin  glacial  age 

6.  Sangamon  interglacial  age 

5.  Illinoian  glacial  age 

4.  Yarmouth  interglacial  age 

3.  Kansan  glacial  age 
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2.  Aftonian  interglacial  age 

1.  Nebraskan  glacial  age 

The  Wisconsin  stage  was  divided  by  Leighton  (1933)  into:  | 

4.  Mankato  (Valders)  age  I 

3.  Cary  age  i 

2.  Tazewell  age  ! 

1.  Iowan  age  ; 

This  classification  has  become  widely  used  for  the  drift  sheets  of  the  > 
Mississippi  Valley  region.  Application  of  the  same  terminology  to  the  | 
Wisconsin  drift  in  eastern  North  America  is  still  in  the  formative  stage,  j 
MacClintock  and  Apfel  ( 1944)  proposed  Tazewell  and  Cary  drifts  in 
western  New  York.  Flint  (1953)  proposed  an  lowan-Tazewell  complex  :j 
as  the  outermost  Wisconsin  drift,  a  Cary  margin  near  Middletown,  Conn.,  s| 
and  Valders  (Mankato)  in  the  St.  Lawrence  and  Champlain  Valleys. 
MacClintock  (1954)  suggested  Tazewell  at  the  south,  Cary  in  the  middle,  | 
and  Valders  (Mankato)  in  the  north,  Denny  (1956)  suggested  Olean  ;i 
and  Valley  Heads  as  representing  a  twofold  division  of  the  Wisconsin,  ii 
Flint  (1956)  placed  the  drift  in  central  Connecticut  as  of  Cary  age,  and  | 
gave  a  table  of  radiocarbon  ages  for  events  of  the  Great  Lakes  history, 
including  the  last  Wisconsin  advance  of  the  Valders  (formerly  called  the 
Mankato)  glaciation.  Leighton  (1957)  proposed  the  following  sequence 
for  the  Wisconsin:  jj 

Valders 

Mankato 

Cary  ^ 

Tazewell 

Iowan 

Farmdale 

Probable  Correlation  of  the  Glacial  Events  in  the  1 

St.  Lawrence  Lowland 

Fairchild  (1910)  proposed  two  episodes  of  glaciation  to  account  for 
the  history  of  the  Thousand  Islands  region.  He  hinted  at  an  Illinoian  age  I 
for  the  earlier  and  a  Wisconsin  age  for  the  later  event,  with  subaerial 
erosion  between.  However,  there  was  no  stratigraphic  evidence  upon  ' 
which  to  base  a  chronology.  The  present  study  of  the  drift  sequence  at  I. 
Malone  and  Massena  has  demonstrated  two  episodes  of  glaciation.  Ice  [ 
of  the  earlier  one,  the  Malone  glaciation,  moved  southwest  up  the  valley  | 
and  then  spread  over  the  Adirondacks.  whereas  the  later,  Fort  Covington  I 
invasion  crossed  the  valley  from  northwest  toward  southeast.  Between  ':i 
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the  tills  of  these  two  episodes  occurs  a  considerable  thickness  of  lacustrine 
deposits  including  sands,  gravels,  varved  clays,  and  berg-rafted  drift. 
It  is  proposed  that  the  conditions  which  produced  such  radical  change 
in  ice  movement,  with  a  major  lake  history  between,  were  important 
enough  to  demark  at  least  substages  of  the  Wisconsin. 

Fort  Covington  Substage 

It  has  been  generally  accepted  that  during  the  waning  stages  of  the 
Wisconsin  an  ice  lobe  occupied  the  Ontario  Basin.  Opinion  differs,  how¬ 
ever,  as  to  the  details  of  the  history  of  the  lobe,  i.e.,  the  positions  and 
dates  of  its  advances  and  recessions.  Spencer  (1883)  proposed  such  a 
lobe  to  dam  the  glacial  Great  Lakes.  Later,  the  classic  work  of  Leverett 
and  Taylor  ( 1915)  used  such  an  hypothetic  lobe  to  dam  Lake  Whittlesey, 
plate  16,  Lake  Warren,  plate  17,  Lake  Lundy,  plate  19,  and  Lakes 
Iroquois  and  Frontenac,  plate  21.  They  proposed  minor  recessions  and 
readvances  of  the  ice  edge  to  account  for  opening  and  closing  of  lake 
outlets.  The  work  of  Karrow  and  others,  1961,  casts  doubt  on  the  validity 
of  these  dates. 

With  the  advent  of  radiocarbon  dating,  more  precise  ages  and  resulting 
correlation  emerged.  Two  dates  for  ice-stands  of  the  Ontario  lobe  become 
particularly  significant.  Wood  found  in  sediments  reported  to  be  of  Lake 
Warren  near  Marilla,  N.  Y.,  was  dated  at  9,640  years  BP  (Rubin 
and  Suess,  1955)  (W-199)  and  wood  buried  by  sediments  believed  to 
be  of  Lake  Lundy  at  Castalia,  Ohio,  was  dated  at  8,513  years  BP 
(Libby,  1951 )  (C-526) .  These  two  dates  show  that  the  ice  which  dammed 
these  two  lakes  was  of  Valders  age. 

Dating  of  the  Fort  Covington  Episode 

No  radiocarbon-datable  material  has  yet  been  found  in  the  Fort 
Covington  till.  However,  the  Champlain  Sea  sediments,  which  overlie 
the  till,  contain  shells  which  have  been  variously  dated  from  10,300  to 
11,300  years  (Y-233,  Y-215,  Y-216,  Y-217,  Gro-1697,  Gro-1696)  (Pres¬ 
ton,  and  others,  1955;  de  Vries,  1958;  and  personal  communication). 
There  has  been  controversy  as  to  the  reliability  of  these  dates,  since  the  or¬ 
ganisms  were  living  in  an  environment  that  contained  “dead”  carbon.  But 
modern  work  (Broecker  and  Orr  (1958),  and  de  Vries  (1958)  )  shows 
that  the  carbon  in  the  surface  waters  was  so  nearly  in  equilibrium  with 
that  in  the  atmosphere  that  “dead”  carbon  affected  the  age  determinations 
less  than  3  per  cent.  If  these  dates  are  trustworthy,  then  the  Champlain 
Sea  was  of  Two  Creeks  age.  The  determination  of  the  age  of  the  basal 
peat  in  the  St.  Germain  Bog,  near  Drummondville,  of  9,500  years 
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(Terasmae,  1959)  shows  that  this  area  emerged  from  the  Champlain 
Sea  before  this  date.  This  date  again  confirms  the  Champlain  Sea  as 

of  Two  Creeks  age. 

Since  the  Fort  Covington  till  is  overlain  by  Champlain  Sea  clays,  it  is 
evidently  pre-Two  Creeks  in  age.  And  since  the  Malone  drift  came  from 
the  northeast,  whereas  the  Fort  Covington  came  from  the  northwest,  this 
recession  and  rearrangement  of  the  glacier  demarks  a  substage  of  the 
Wisconsin.  These  various  facts  point  to  a  Port  Huron  age  for  the  Fort 
Covington. 

Malone  Substage 

Malone  till  is  older  than  Fort  Covington  till,  and  came  from  a  different 
direction  in  a  radically  different  ice  movement.  These  facts  are  con¬ 
sidered  sufficient  grounds  to  assign  it  to  at  least  a  different  substage  in 
the  glacial  sequence.  Since  no  evidence  of  interglacial  weathering  has 
come  to  light  to  prove  otherwise,  and  the  weathering  of  its  deposits  is 
the  same  as  those  of  Cary  age  in  regions  to  the  south  and  southwest,  it 
seems  best  in  the  present  state  of  knowledge  to  assign  a  Cary  age  to 
the  Malone  episode. 

There  is,  however,  one  piece  of  evidence  that  might  suggest  an  earlier 
age  for  the  Malone.  As  will  be  described  later,  the  deep  exposure  of  the 
St.  Lawrence  seaway  and  power  projects  reveal  that  the  northeast-south¬ 
west  hills  are  composed  of  a  core  of  Malone  till,  with  Fort  Covington 
till  forming  a  mantle  over  the  hills  and  draping  down  under  the  clays 
of  the  lowlands.  At  the  top  of  the  Malone  till  in  the  hills,  and  below  Fort 
Covington  till,  is  a  considerable  deposit  of  lacustrine  sediment  made  of 
sands,  gravels,  and  varved  clays.  This  deposit  is  the  same  altitude  from 
exposure  to  exposure  throughout  a  distance  of  25  miles,  suggesting  that 
it  was  all  one  lake  plain. 

Dreimanis  (1958)  finds  at  Toronto,  west  of  the  St.  Lawrence  area,  an 
interstadial  deposit,  older  than  38,000  C^^  years,  between  a  lower  till 
with  fabric  from  the  northeast  and  dolomite  content  suggesting  the  St. 
Lawrence  Valley,  and  overlying  till  with  fabric  from  north-northeast  and 
a  low  dolomite  content.  He  proposes  that  the  till  older  than  38,000  years 
is  very  early  Wisconsin,  and  that  the  younger  till  is  “Main  Wisconsin”; 
Gadd  (1953)  finds  at  Drummondville  to  the  northeast  of  the  area  of 
this  study  an  interstadial  peat  deposit  older  than  38,000  C^^  years,  but 
of  climate  colder  than  that  of  the  typical  Sangamon.  These  two  occur¬ 
rences  of  terrestrial  vegetation  early  in  the  Wisconsin  open  the  possibility 
of  an  episode  of  fluvial  erosion.  If  this  had  dissected  the  Malone  drift, 
this  drift  should  be  correlated  with  Dreimanis’  “Early  Wisconsin.”  No 
evidence  is  at  hand  to  confirm  the  idea. 
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Figure  9.  East^west  profile  of  deltas 
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Figure  10a.  Fragmented  varved  sediments  cnt  from  core  sample, 
Richards  Landing  dike  hole  No.  3A 
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Probable  Correlations  of  the  Lake  History 

Malone  ice  advanced  into  a  lake,  as  shown  by  masses  of  contorted 
varved  clays  contained  in  the  lower  Malone  till  and  by  the  layers  of 
varved  lake  clays  between  the  lower  and  the  upper  Malone  till. 

The  upper  Malone  till  is  overlain  by  lake  sediments  containing  exten¬ 
sive  berg-rafted  deposits.  This  latter  shows  that  the  Malone  ice  waned 
by  calving  into  a  major  lake  (figure  8).  Fort  Covington  till  overlies 
these  latter  lake  sediments,  as  is  well  displayed  in  the  extensive  seaway 
excavations.  The  advance  of  the  Fort  Covington  ice  doubtless  overrode 
and  largely  destroyed  beaches  and  other  shore  line  features  of  this  pre- 
Fort  Covington  lake.  However,  shore  lines  south  of  the  Fort  Covington 
Moraine  may  be  remnants  of  sucb  beaches  now  standing  below  the  level 
of  the  Covey  Hill  Gap,  but  above  the  marine  beaches  and  more  deeply 
weathered  than  Fort  Covington  drift.  Also,  it  is  noted  that  many  of  the 
deltas  at  intermediate  levels  are  pitted  by  the  melting  out  of  buried  ice 


Figure  106.  Fractured  material  against  massive  material  at  side  of 
a  crack  filled  with  broken  varvcs,  Ricliards  Landing 


PLEISTOCENE  GEOLOGY  OF  THE  ST.  I.AWKENCE  LOWI.AND 


45 


blocks.  The  Malone  Delta  was  pitted  by  Fort  Covington  ice  blocks,  but 
the  others  seem  to  be  associated  with  an  older  event.  With  the  exception 
of  the  Malone  Delta,  the  pitted  deltas  rise  in  succession  toward  the  north¬ 
east,  whereas  the  Fort  Covington  and  post-Fort  Covington  features  are 
nearly  horizontal.  This  suggests  a  rise  toward  the  northeast  in  pre-Fort 
Covington  and  toward  the  north  in  post-Fort  Covington  time  (figure  9). 

The  Fort  Covington  Moraine  impinges  against  and  rises  up  on  Covey 
Hill  high  enough  to  show  that  its  ice  dammed  a  third  lake  that  over¬ 
flowed  at  the  Covey  Gap.  Beaches  and  deltas  of  this  lake  are  now  at 
1,000  feet,  which  is  480  feet  above  the  highest  marine  shore  on  the 
north  slope  of  Covey  Hill. 

A  fourth  deposit  of  varved  lake  clays  is  spread  across  the  Fort  Cov¬ 
ington  till  practically  universally  over  the  St.  Lawrence  Lowland.  They 
are  seen  in  most  of  the  excavations  for  the  seaway  and  power  projects 
and  in  innumerable  test  drill  holes.  The  beaches  of  this  post-Fort  Cov¬ 
ington  lake  occur  at  about  710  feet  altitude  (180  feet  above  the  marine 
shore  line),  and  correspond  to  the  beaches  of  the  Fort  Ann  stage  in  the 
Champlain  Valley.  The  sequence  of  lakes  then  is: 

1.  Pre-Malone 

2.  Mid-Malone 

3.  Malone  recession 

4.  Fort  Covington 

5.  Fort  Ann 

6.  Gilbert  Gulf-Champlain  Sea 


Figure  11.  Drying  and  cracking  of  varved  clay.  East  end  of  Grass 
River  lock  excavation 
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This  discussion  of  lakes  has  not  considered  the  date  and  stratigraphic 
position  of  Lake  Iroquois.  After  field  work  for  this  report  was  completed, 
Karrow.  Clark,  and  Terasmae.  1961.  have  shown  that  Lake  Iroquois  was 
of  Port  Huron  (Fort  Covington)  age  and  formed  during  the  recession  of 
this  glaciation  from  the  Ontario  basin  in  early  Two  Creeks  time  and 
before  ice  had  melted  out  of  the  lower  St.  Lawrence  Lowland.  Con¬ 
sequently  Lake  Fort  Ann  may  well  be  a  phase  of  Lake  Iroquois  in  the 
Middle  St.  Lawrence  and  Champlain  Lowlands. 

Lastly,  with  the  unblocking  of  the  lower  St.  Lawrence  Valley,  the  lake 
drained  to  a  low  sea  level  which  then  rose  and  invaded  the  area  to 
produce  the  Champlain  Sea  and  the  Gilbert  Gulf.  Three  types  of  evidence 
show  this  emergence  between  Fort  Ann  Lake  and  the  Champlain  Sea: 

1.  Commonly  fossiliferous  marine  clays  and/or  gravel  lie  on  varved 
sediments,  but  other  exposures  or  drill  records  show  the  marine  beds  to 
lie  directly  on  till  in  what  is  evidently  an  unconformable  relationship. 

2.  In  many  places,  sand  and  gravel  intervene  between  the  varved  clays 
and  the  overlying  marine  clay.  Likewise,  there  is  gradation  upward  from 
gravel  to  sand  to  clay  in  the  marine  sediments,  suggesting  a  gradual 
deepening  of  the  marine  water. 

3.  The  upper  foot  of  the  varved  clay  below  marine  clay  has  a 
brecciated  structure  showing  that  it  was  desiccated,  fraetured,  and  then 
welded  together  (figure  10b).  The  fragments  of  the  varved  clay  are  an 
inch  or  two  across.  This  structure  is  seen  best  when  drying  brings  out 
the  contrast  between  more  and  less  silty  layers  of  the  varves.  A  day  or 
two  of  drying  usually  brings  out  the  structure  well  enough  to  photograph. 
It  seems  obvious  that  this  structure  would  not  develop  while  the  clay 
was  situated  at  the  bottom  of  a  500-foot  deep  lake,  and  so  demonstrates 
a  period  of  emergence. 

Origin  of  the  Fractured  Varved  Clay 

Lake  Fort  Ann,  in  which  varves  were  deposited,  was  dammed  by  ice 
still  in  the  lower  St.  Lawrence  Valley,  and  drained  down  the  Hudson 
Valley  into  the  ocean,  still  at  a  Pleistocene  low  sea  level. 

The  ice  which  occupied  the  lower  St.  Lawrence  Valley  waned  enough 
for  the  lake  to  be  drained.  The  hypothesis  is  proposed  that,  when  this 
draining  occurred,  sea  level  was  still  low  enough  that  the  floor  of  the 
lake  stood  for  a  time  above  water. 

If  this  had  been  the  case,  fluvial  erosion  might  have  affected  the 
surface  of  the  varved  sediments  by  removing  them  in  places,  as  from 
tops  of  low  hills  of  till,  and  by  cutting  shallow  valleys  into  them.  When 
the  varved  sediments  were  exposed  to  the  air  they  dried,  shrank,  and 
cracked  open  (figure  11).  It  is  postulated  that  small  fragments  of  dry. 
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Figure  12.  Rise  of  land  and  sea  at  the  end  of  tlie  Pleistocene  in  the  St.  Lawrence  Valley 


Generalized  section  through  three  hills 
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Figure  14.  Northwest-soutliwest  sections  of  the  major  hills  near  Massena:  (a)  Upper  profile  is  generalized  section 
through  three  hills;  fb)  lower  profile  is  measured  section  through  Eisenhower  lock. 
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varved  clay  fell  or  washed  into  these  cracks  to  accumulate  as  a  mass  of 
broken  pieces,  which  later  were  wetted  and  welded  together.  Masses  of 
this  material  are  seen  in  many  exposures  at  the  top  of  varved  clays  below 
marine  sediments.  It  is  also  seen  in  many  of  the  test  hole  cores  at  the 
same  stratigraphic  horizon  (depth,  24.4  feet).  Views  of  the  top  of  the 
core  extracted  from  hole  RLUH  No.  4  at  depth  of  50  feet  ( figure  10a ) 
show  it  to  be  one  half  massive  clay  and  the  other  half  to  be  broken 
material,  as  though  the  core  was  taken  just  at  the  wall  of  such  a 
postulated  crack. 

Piles  of  broken  fragments  might  also  have  accumulated  at  the  bases 
of  any  steep  slope,  such  as  undercut  banks  of  small  streams  or  any  dry 
slope  (  figure  11 ) . 

If  the  hypothesis  of  drying  and  cracking  of  the  clay  is  valid,  a  diagram 
may  be  constructed  to  show  how  isostatic  rise  of  the  land  “jockeyed” 
with  eustatic  rise  of  the  sea  to  produce  the  emergence  and  submergence 
of  the  St.  Lawrence  Lowland  (figure  12). 

Topography  of  the  Drift 

The  topography  of  the  drift  of  the  area  has  such  a  striking  northeast- 
southwest  orientation  (figure  13)  that  it  calls  for  special  discussion.  The 
huge  exposures  of  the  seaway  and  power  project,  which  will  be  described 
in  detail  later  in  the  discussion  of  the  Massena  quadrangle,  have  opened 
for  study  cross  sections  through  six  of  the  big  northeast-southwest  ridges 
of  drift.  Till-fabric  studies  have  allowed  the  differentiation  between  till 
emplaced  from  the  northeast  (Malone  till),  and  till  emplaced  from  the 
northwest  (Fort  Covington) .  In  this  way,  it  has  been  found  that  the  cores 
of  the  hills  are  composed  of  Malone  drift,  whereas  the  surfaces  of  the 
hills  are  composed  of  a  blanket  of  Fort  Covington  till  which  drapes  over 
the  tops  and  down  to  lie  on  bedrock  in  the  depressions  (figure  14) .  Since 
the  Malone  drift  is  made  of  two  members,  an  upper  and  a  lower  Malone, 
which  are  separated  by  horizontal  lake  beds  and  overlain  also  by  hori¬ 
zontal  lake  beds,  it  follows  that  the  ridges  are  certainly  not  drumlins  or 
“drumlinized  topography”  as  previously  proposed,  but  are  phenomena 
produced  by  Fort  Covington  ice.  Since  they  lie  at  right  angles  to  this 
ice  advance,  they  are  like  giant  undulations  following  each  other  in 
roughly  rhythmical  succession.  Three  hypotheses  come  to  mind  to  explain 
the  origin  of  these  great  undulations. 

Origin  of  the  N ortheast-Southwest  Hills 

At  the  beginning  of  Fort  Covington  time  the  area  was  submerged  in 
an  ice-dammed  lake  which  had  a  fiat  bottom  composed  of  glacio-lacustrine 
till,  silt,  sand,  gravel,  and  varved  clay,  which  had  been  deposited  as  the 
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Figure  15.  Diagrams  suggesting  how  Fort  Covington 
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(d.) 


Glacier  might  have  made  the  “giant  imdulations” 
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Malone  ice  waned  while  standing  in  this  lake.  The  flatness  of  this  lake 
bottom  is  attested  by  the  present  altitudes  of  remnants  of  this  material 
as  exposed  at  places  through  a  distance  of  31  miles  in  the  excavations  of 
the  St.  Lawrence  seaway  and  power  project: 


Cross  Sections  of  the  Excavations  From  West  to  East* 

1.  Sparrowhawk  Point,  rim  dike  . 230-240  ft.  (top  of  Malone  drift ) 

2.  Sparrowhawk  Point,  inland  side  . . 250  ft.  (top  of  Malone  drift) 

3.  Point-tliree-Points  ........................  .240-250  ft.  (top  of  Malone  drift) 

4.  Canal  through  Long  Sault  Island — 

ranges  150  to  180  . . .  .232  ft.  (lake  sediments) 

5.  Canal,  mainland — 

ranges  207  to  285  . . .210-220  ft.  (top  of  Malone  drift) 

6.  Cut  “F”  . .212  ft.  (lake  sediments) 

7.  Massena  power  canal  intake  . . 230  ft.  (lake  sediments) 

8.  Eisenhower  lock  . 230  ft.  (lake  sediments) 

9.  Canal,  Eisenhower  lock  to  Grass  River  lock — 

ranges  427  to  505  . 176-220  ft.  (top  of  Malone  drift) 

10.  Grass  River  lock . 210  ft.  (lake  sediments) 


I.  First  Hypothesis 

The  rigid  front  of  the  advancing  Fort  Covington  ice  may  have  plowed 
into  the  material  of  the  lake  floor  to  make  a  broad  gentle  depression 
20  to  30  feet  deep  and  a  couple  of  miles  wide  (figure  16). 

It  plowed  up  and  pushed  forward  a  pile  or  mass  of  material  at  its  front. 

This  pile  gradually  got  bigger  and  heavier. 

When  the  mass  of  material  got  big  enough  and  heavy  enough  and  the 
friction  large  enough,  the  oncoming  ice  found  it  easier  to  shear  up  and 
ride  over  the  mass.  When  the  ice  had  pushed  forward  about  a  mile,  the 
pile  had  become  large  enough  to  start  the  overriding. 

Since  the  mass  was  still  soft  and  “gooey,”  the  ice  spread  it  out  and 
smeared  it  on  top  of  the  next  portion  of  lake  bottom  material.  This  was 
the  Fort  Covington  till  with  northwest  till  fabric  on  top  of  the  middle  | 
till  complex,  with  northeast  till  fabric,  but  with  the  same  lithologic  ■ 
composition.  j 

Having  thus  disposed  of  the  pile  of  plowed-up  material,  the  ice-edge 
was  free  to  dig  into  the  lake  bottom  again  and  to  gouge  out  the  next 
gentle  depression.  The  somewhat  rhythmic  succession  of  gouging  and  ; 
smearing  produced  the  undulating  topography  of  till-capped  northeast- 
southwest  ridges  rising  50-100  feet  above  mile-wide  lowlands,  in  what  is 
obviously  a  rhythmic  pattern  of  topography.  This  hypothesis  allows  for  j 
many  variations  in  detail,  as  found  in  the  held  from  exposure  to  exposure.  i 
Some  low  areas  contain  Fort  Covington  till,  whereas  others  do  not.  i 


Total  distance,  31.1  miles  (ranges  are  100  feet  apart). 
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II.  Second  Hypothesis 

The  second  hypothesis  is  the  common  explanation  of  glacial  deposition, 
i.e.,  that  the  ice  picked  up  a  load  of  fragmental  material  from  its  bed 
and  carried  it  along  in  its  viscous  basal  flow.  Deposition  occurred  where 
the  ice  became  overloaded  or  motion  ceased,  and  melting  finally  liberated 
the  drift.  In  the  case  of  the  St.  Lawrence  Lowland  ridges,  this  type  of 
erosion  and  deposition  would  have  had  to  be  rhythmic,  with  a  wavelength 
of  roughly  a  mile,  to  produce  the  topography.  It  may  be  postulated  that 
the  magnitude  and  viscosity  of  an  ice  sheet  might  have  been  just  right 
to  have  produced  this  effect.  The  hills  and  depressions  might  be  likened 
unto  giant  current  ripples  made  by  excavation  and  deposition  at  the  base 
of  a  thick,  very  viscous,  slowly  flowing  mass.  It  is  more  than  coincident 
that  the  southeast  slope  of  the  hills  is  commonly  a  little  steeper  than  the 
northwest  side.  If  this  has  significance,  it  creates  a  likeness  to  current 
ripples.  It  is  not,  however,  compatible  with  the  first  hypothesis  of  origin. 
The  great  viscosity  of  the  ice  would  make  most  unlikely  waves  such  as 
in  water. 

III.  Third  Hypothesis 

As  suggested  earlier  (figure  12) ,  if  there  had  been  an  episode  of  fluvial 
erosion  following  the  recession  of  the  Malone  ice  and  draining  of  the 
lake,  valleys  might  have  been  cut  into  the  Malone  drift  plain,  and  Fort 
Covington  ice  might  have  overridden  the  hills  and  valleys  to  modify 
them  somewhat  and  to  have  deposited  a  blanket  of  till  on  them.  There 
is,  however,  no  suggestion  of  fluvial  terrain  in  the  distribution  of  the 
hills  and  depressions  as  they  are  now  seen.  Another  possibility  seems  to 
be  that  the  pre-Fort  Covington  cutting  might  have  been  accomplished 
by  outlet  waters  from  the  Ontario  basin  surging  across  the  lake  plain  to 
excavate  channels  with  a  sort  of  an  anastomosing  pattern.  Fort  Covington 
ice  could  then  have  modified  them  to  look  like  what  we  have  today. 
Facts  from  other  areas  may  elucidate  this  problem. 

In  the  present  state  of  knowledge,  the  first  hypothesis  seems  most 
compatible  with  the  mass  of  facts  thus  far  accumulated. 

Origin  of  North-Northwest  to  South-Southeast 

Elements  of  Topography 

Crossing  the  northeast-southwest  drift  hills  and  depressions,  which  are 
the  dominant  features  of  the  terrain  and  might  be  designated  for  con¬ 
venience  as  the  “first  order”  hills  and  depressions,  are  features  oriented 
north-northwest — south-southeast  almost  at  right  angles  to  the  larger 
features  (figure  16).  These  latter  might  be  designated  as  “second  order” 
features. 
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Hills 

Superimposed  on  the  main  northeast-southwest  hills  are  many  small 
drumlins  which  are  oriented  in  north-northwest — south-southeast  direc¬ 
tions.  Their  northwest  till  fabric  shows  them  to  be  made  of  Fort  Cov¬ 
ington  till.  They  are  commonly  found  in  groups  of  three  or  four,  lying 
side  by  side  across  a  major  hill. 

A  significant  process  of  glaciation,  hitherto  unrecognized,  is  exposed 
to  study  in  the  excavation  for  the  north  abutment  of  the  Long  Sault  Dam. 
This  exposure  was  demonstrated  to  a  large  group  of  glacial  geologists, 
“The  Friends  of  the  Pleistocene,”  by  John  N.  Harris,  Director  of  the 
Soils  Laboratory  of  the  engineers  for  the  New  York  State  Power 
Authority.  At  the  time  of  this  visit,  in  May  1957,  the  excavation  had 
been  cut  into  the  west  end  of  Barnhart  Island  down  through  drift,  laying 
bare  an  expanse  of  bedrock  about  a  hundred  feet  square.  The  excavation 
opened  for  study  drift  at  the  southern  end  of  a  small  low  drumlin.  As 
seen  on  the  topographic  map,  made  before  construction  activity  had 
destroyed  the  drumlin,  it  was  about  300  feet  long,  100  feet  wide,  and 
10  to  15  feet  high;  a  bigger  drumlin  about  600  feet  to  the  east  is  1,000 
feet  long  and  40  to  50  feet  high.  The  excavation  is  into  drift  about  75  feet 
thick,  underlying  part  of  a  drumlin  field.  The  distribution  of  drift  is  of 
interest  to  show  what  went  on  under  a  drumlin  during  its  formation. 
Detailed  study  of  till  fabric  at  many  places  around  the  sides  of  the 
excavation,  as  well  as  study  of  striae  on  the  bedrock,  shows  that: 

1.  Malone  (lower)  ice  from  the  northeast  cut  strong  striae  in  the 
bedrock  N  70°  E. 

2.  On  the  lower  till  was  deposited  the  middle  till  complex,  consisting 
of  crudely  stratified  till,  interlayered  with  varved  clay  and  silt,  and 
stratified  sand  and  gravel.  Fabric  in  the  till  members  is  from  the  north¬ 
east,  though  less  pronouncedly  so  than  in  the  lower  till. 

3.  At  the  top  is  upper  till  (Fort  Covington),  with  fabric  from  the 
northwest. 

On  the  bedrock  in  the  center  of  the  excavation  the  strong  N  70°  E 
striae  are  crossed  by  short  and  delicate  striae  from  N  20°  W,  and  the 
till  fabric  in  a  mass  of  middle  complex  drift  has  been  reoriented  to  a 
northwest  trend.  The  identification  of  the  drift  sheets  can  be  made  on 
basis  of  mineral  content  of  the  sand-sized  grains,  with  lower  till  high 
in  carbonate,  middle  complex  lower  in  carbonate  and  quartz,  and  upper 
till  higher  in  carbonate,  quartz,  and  feldspar. 

These  relationships  show  that  the  middle  complex  sediments  have  been 
pressed  down  into  a  trough-shaped  crumpled  mass  of  drift,  whose  pebbles 
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now  have  a  northwest-southeast  fabric  orientation.  This  thrusting  must 
have  pushed  clear  down  to  the  bedrock,  and  shoved  the  lower  till  enough 
to  produce  the  delicate  short  northwest  striae  on  bedrock.  These  phe¬ 
nomena  show  that  Fort  Covington  ice  as  it  overrode  Malone  drift  must 
have  encountered  a  soft  gooey  place  here  and  squashed  it  down  and 
shoved  it  forward,  and  in  so  doing  rearranged  its  pebbles  into  a  north¬ 
west  alignment.  At  one  place,  as  exposed  in  the  cutoff  trench,  middle 
complex  varves  are  seen  tightly  folded  with  fold  axes  N  30°  E. 

Hypothesis  of  Origin  of  Hills 

Since  the  exposure  under  discussion  is  within  a  small  drumlin  field, 
it  would  seem  to  lie  within  a  drumiin-forming  environment,  i.e,,  where 
till  accumulates  into  depositional  masses.  It  is  therefore  proposed  that, 
where  a  substrate  was  encountered  which  was  competent  to  support  the 
load,  a  drumlin  was  built  above  the  “datum”  (figure  17a).  Where  the 
substrate  was  incompetent  as  in  a  water-saturated  soft,  “gooey”  material, 
the  forces  produced  dowiithrusting  with  forward  push  and  extrusion  of 
material  (figure  17b).  There  was  no  accumulation  above  the  datum.  In 
humor,  it  might  be  called  “an  upside-down  drumlin”  with  a  flat  top. 
With  continued  push  and  extrusion  of  material,  a  second  depression 
might  be  started. 


A.  Competent  substrate 


B.  With  incompetent  substrate 


Movement  of  ice 
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Figure  17.  Origin  of  dmmliiis 
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Figure  18.  Section  across  clay-filled  north-northwest  to  soiith-soiithwest  trench  exposed  in  the  canal  excavation, 
3  miles  north  of  Massena 
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Second-Order  Depressions 

Numerous  north-northwest  to  south-southeast  trenches  gouged  by 
the  Fort  Covington  ice  into  Malone  drift  are  now  filled  with  clay, 
the  lower  part  of  which  is  varved.  These  varved  clays  in  most  cases 
rest  directly  on  middle  complex  drift  in  the  bottom  of  the  depres¬ 
sions,  but  on  upper  till  along  the  upper  parts  of  the  flanks  and  on  the 
tops  of  the  trenches  (figure  18).  This  occurrence  means  that  Fort  Cov¬ 
ington  till  drapes  down  the  flanks  of  the  trenches,  but  is  absent  from 
their  bottoms.  The  fact  that  Fort  Covington  till  with  its  north-northwest 
fabric  drapes  down  the  sides  of  the  trenches  shows  that  it  was  Fort 
Covington  ice  that  eroded  the  depression  into  the  middle  complex.  The 
absence  of  Fort  Covington  till  in  the  bottom  suggests  that  the  Fort 
Covington  ice  waned  while  standing  in  a  lake,  and  that  its  debris  was 
carried  away  in  icebergs.  Numerous  ice-rafted  stones  and  rounded  masses 
of  till  embedded  in  the  varved  clays  attest  to  the  same  condition. 

The  fact  that  the  large  first  order  depressions  commonly  contain 
Fort  Covington  till  in  their  bottoms,  whereas  the  second  order  depres¬ 
sions  do  not,  suggests  that  the  former  were  made  during  the  active 
advance  of  the  main  Fort  Covington  glaciation  from  the  northwest  and 
were  lined  with  Fort  Covington  basal  till,  whereas  the  latter  as  well  as 
the  drumlins  were  formed  by  ice  from  the  north-northwest  late  in  the 
Fort  Covington  episode  when  they  could  have  been  liberated  from  the 
ice  by  calving,  and  thus  avoided  the  deposition  of  Fort  Covington  till 
in  their  bottoms. 


Chapter  VII 

Details  by  Quadrangles 

In  the  following  pages,  the  details  of  the  glacial  history  are  presented 
by  quadrangles,  beginning  at  the  eastern  end  of  the  lowland  province 
and  progressing  westward. 

Chiirubusco  Quadrangle 

The  Churubusco  quadrangle  adjoins  the  Chateaugay  quadrangle  on 
the  east.  It  covers  the  upland  area  which  comprises  the  eastern  margin 
of  the  St,  Lawrence  Lowland.  Its  altitude  rises  from  700  feet  at  the 
north  to  2,600  feet  at  the  top  of  Eilenburg  Mountain  at  the  south.  It 
spans  the  upland  divide  between  waters  flowing  via  Chateaugay  River 
to  the  St.  Lawrence,  and  those  flowing  via  Chazy  River  to  Lake  Champlain. 
It  comprises  the  northern  bulge  or  bastion  of  the  Adirondack  upland 
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projecting  northward  to  Covey  Hill,  just  north  of  the  international 
border  in  Canada.  The  northern  part  of  the  area  is  underlain  by  flat-lying 
Potsdam  sandstone,  whereas  the  southern  part  is  composed  of  Pre- 
camhrian  rocks,  now  eroded  into  low  mountains.  Whereas  the  area  is 
not  strictly  in  the  St.  Lawrence  Lowlands,  its  glacial  history  contributes 
to  that  of  the  latter  area  and  so  illuminates  some  of  the  glacial  events  of 
the  region  that  it  is  included  in  this  report. 

Glacial  Drift 

In  the  southern  part  of  the  quadrangle  the  Precambrian  mountains 
have  a  thin  and  patchy,  discontinuous,  cover  of  stony  drift  with  bosses 
and  rounded  ledges  of  bedrock  protruding  through  it.  Striae  both  north 
and  south  of  Ellenburg  Mountain  strike  NE,  showing  that  the  glacier 
crossed  this  area  from  NE  to  SW  (Postel,  1952). 

In  the  northern  part  of  the  quadrangle,  where  horizontal  Potsdam 
sandstone  comprises  the  bedrock,  many  striae  also  show  ice  invasion 
from  the  northeast.  The  drift  in  this  part  of  the  quadrangle  exhibits 
three  aspects.  On  the  west  side  of  the  Salmon-Chazy  River  divide,  the 
drift  forms  a  continuous  mantle  of  till  with  bedrock  exposed  in  only  a 
few  places,  as  on  steep  little  hillsides  or  the  channels  of  scattered  gully 
bottoms.  However,  on  the  east  side  of  this  same  divide,  which  passes 
north-south  through  Churubusco,  the  drift  is  thin  and  discontinuous, 
with  a  great  deal  of  bedrock  rubble  scattered  over  the  surface,  and 
bedrock  ledges  and  flats  making  up  much  of  the  landscape.  Most  of  the 
streams  flow  in  riffles  and  little  falls  on  bare  bedrock  in  valleys  only  a 
few  feet  deep.  A  dozen  scattered  patches,  each  about  a  square  mile  in 
extent,  are  covered  by  drift  thick  enough  to  control  the  topography. 
These  patches  are  commonly  occupied  by  cultivated  fields  or  pastures. 

Karnes 

Scattered  over  the  northern  part  of  the  quadrangle  are  kames  in  about 
a  dozen  places.  They  have  been  used  for  local  sources  of  sand  and  gravel 
for  construction.  Large  pits  in  the  kames  2  miles  northeast  of  Churubusco 
were  excavated  for  gravel  during  construction  of  the  Rutland  Railroad. 
The  most  notable  kame  is  the  one  at  Ellenburg  Depot  that  stands  as  a 
gently  curving  ridge  21/0  miles  long  and  100  feet  high.  It  trends  north¬ 
west  at  right  angles  to  the  striae  of  the  area.  Many  gravel  pits  show  it 
to  be  composed  of  gravel  and  sand.  The  exposure  on  its  western  slopes 
show  cobbly  gravel,  whereas  those  on  the  eastern  slope  are  mostly  pebbly 
sand.  The  top  of  the  ridge  is  surmounted  with  a  small  sharp  hill  in 
“kame  and  kettle”  topography.  The  North  Branch  Great  Chazy  River, 
after  traversing  a  flat  mile-wide  alluvial-filled  basin,  cuts  through  a  low 
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part  of  this  ridge  at  Ellenbiirg  Depot.  The  ridge  evidently  ponded  the 
river  until  it  could  overflow  at  the  low  place  and  cut  its  valley.  The 
feature  is  best  explained  as  an  elongate  frontal  kame,  with  the  sandy 
phase  deposited  as  ice  melted  away  from  a  ridge.  Ripples  in  the  sand 
show  south-flowing  waters  along  the  ice  margin.  Tests  with  acid  show 
the  gravels  of  the  kames  to  be  calcareous,  below  a  surface  zone  from 
which  the  lime  has  been  leached  to  depths  varying  from  6  to  8  feet  in 
different  gravel  pits  and  different  parts  of  the  same  pit.  Calcareous 
pebbles  make  up  about  15  per  cent  of  the  stones  in  the  gravel. 

‘Tlat  Rocks” 

Flat-lying  sandstone  is  exposed  in  10  or  more  roundish  areas  a  half 
mile  to  a  mile  across,  with  only  a  bunch  of  moss  here  and  there,  and  a 
few  stunted  evergreens  and  blueberry  bushes  in  joint  cracks  and  bedding 
surfaces.  These  areas  of  bare  rock  are  called  by  the  local  people  ‘^flat 
rocks.”  The  two  largest  of  these  flat  rocks  lie  in  the  northeast  corner  of 
the  quadrangle.  The  northern  one  is  known  as  Stafford’s  Rock  and  is 
11/2  miles  north-south  by  11/4  miles  east-west  at  about  780-800  feet  in 
altitude,  whereas  the  southern  one,  1  mile  north-south  by  1%  miles 
east-west  and  820-880  feet  in  altitude,  is  known  as  Blackman’s  Rock. 
Woodworth  ( 1905),  following  the  suggestion  of  G.  K.  Gilbert,  described 
these  flat  rocks  as  produced  when  glacial  drainage  came  through  the 
Covey  Hill  Gap  and  flowed  southeastward  along  the  waning  edge  of  the 
glacier  as  it  retreated  off  the  Adirondack  highland.  This  suggestion  has 
certain  appeal,  but  the  lack  of  gradient  for  such  proposed  flood  waters 
is  a  serious  objection.  Recent  accurate  surveys  now  place  the  level  of 
“the  Gulf”  at  the  northern  end  of  such  a  spillway  at  810  feet,  and  the 
crest  of  the  flat  rock  southeast  of  Altona  17  miles  away  also  at  800  to 
810  feet.  Furthermore,  within  the  Churubusco  quadrangle  there  are  quite 
a  number  of  these  flat  rock  areas,  ranging  in  altitude  from  about  800  feet 
in  the  north  to  1,500  feet  near  Ellenbiirg  Center  on  the  drainage  divide. 
These  patches  seem  to  have  been  washed  clean  by  local  drainage  along 
the  receding  ice  edge.  The  same  may  well  be  true  of  the  large  areas  at  the 
eastern  edge  of  the  quadrangle,  and  those  further  east  on  the  Mooers 
quadrangle. 

Spillways 

Crossing  the  drainage  divide,  in  the  northwestern  part  of  the  quad¬ 
rangle,  are  four  spillways  washed  bare  ol  drift  but  containing  no  stream 
at  present.  In  fact,  the  northernmost  spillway,  114  miles  north  of  Clinton 
Mills,  has  a  few  inches  of  peaty  material  on  its  bedrock  floor.  The 
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altitudes  of  these  spillways  are  progressively  lower  from  south  to  north, 
as  follows:  31/4  miles  south  of  Churubusco  at  1,305  feet;  2  miles  south 
of  Churubusco  at  1,290  feet;  1  mile  northeast  of  Churubusco  at  1,150 
feet;  3  miles  northeast  of  Churubusco  at  1,090  feet. 

A  fifth  spillway,  61/6  miles  northeast  of  Churubusco  and  I/2  mile  north 
of  the  northern  edge  of  the  Churubusco  map,  is  the  Covey  Hill  spillway 
at  1,010  feet.  Since  there  is  no  accumulation  of  sand  and  gravel  at  either 
end  of  the  spillway,  it  must  have  been  clear  lake  water  which  did  the 
washing  rather  than  sediment-laden  glacial  melt-water.  It  would  be 
logical,  therefore,  to  consider  these  spillways  as  the  temporary  overflow 
channels  of  relatively  small  ice-dammed  lakes  drained  to  lower  levels  as 
the  ice  edge  waned.  This  hypothesis  would  account  for  the  horizontal 
gravel  bars  on  the  Chateaugay  map  at  1,150  feet,  1,100  feet,  and  1,080 
feet,  as  well  as  certain  shore  line  features  on  the  Malone  map  farther  west. 

Correlation 

Malone  drift.  Striae  and  till  fabrics  show  that  ice  which  overrode  the 
quadrangle  came  from  the  northeast.  Furthermore  the  calcareous  gravels 
of  the  kames  have  been  leached  6  to  8  feet,  the  same  as  the  Malone  age 
kame  gravels  at  Brainardsville,  south  of  Chateaugay,  and  along  Salmon 
River  south  of  Malone.  The  drift  of  the  Churubusco  quadrangle  is  there¬ 
fore  correlated  with  the  Malone  glaciation  of  the  St.  Lawrence  Lowland. 

Fort  Covington  drift.  In  the  extreme  northeast  corner  of  the  quad¬ 
rangle,  two  small  ridges  l/i  mile  long  and  20  to  30  feet  high  exhibit 
bumpy,  terminal,  moraine  topography  and  are  littered  with  large 
boulders.  These  ridges  lie  along  the  margin  of  the  Fort  Covington  drift 
sheet.  This  margin,  after  crossing  the  northwest  corner  of  Chateaugay 
quadrangle,  looped  up  over  the  northern  flank  of  Covey  Hill  and  back 
south  into  the  United  States  in  the  northeast  corner  of  Churubusco 
quadrangle  (figure  19).  From  bere  this  margin  passes  due  eastward 
across  the  northern  edge  of  Mooers  quadrangle,  thence  south-southeast 
just  west  of  Chazy  where  younger  northwest  striae  are  seen  to  cross 
older  northeast  striae.  The  row  of  kames  at  Ingraham  ( which  has  been 
thought  of  as  an  esker)  may  well  be  the  marginal  moraine.  In  northwest 
Vermont,  the  northwest  striae  suggest  that  this  same  movement  striated 
Mount  Mansfield,  but  did  not  overtop  Worcester  Mountain  where  striation 
is  from  the  northeast.  North  of  this  margin,  till  fabrics  are  from  the 
northwest;  south  of  it,  they  are  from  the  northeast.  (Appendix  I-AA 
through  KK,  inclusive.)  The  fact  that  the  Fort  Covington  ice  did  not 
project  farther  into  the  Champlain  Lowland  shows  it  to  have  been  a 
relatively  restricted  event  in  the  glacial  history. 
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Figure  20.  Longitudinal  profile  of  Covey  Hill  spillway 


62 


NEW  YORK  STATE  MUSEUM  AND  SCIENCE  SERVICE 


Covey  Hill 

As  mentioned  earlier,  Covey  Hill  lies  in  Quebec  a  mile  north  of  the 
north  boundary  of  the  map.  Its  glacial  history,  however,  is  so  closely 
associated  with  that  of  Churubusco  quadrangle  that  discussion  of  it  is 
included  here.  Covey  Hill  is  the  outstanding  topographic  feature  of  the 
region.  It  forms  the  northern  terminus  of  the  plateau  of  the  Churubusco 
area  where  the  Adirondack  upland  projects  northward  into  Canada.  Its 
altitude  of  1,100  feet  is  900  feet  above  the  St.  Lawrence  Lowland,  above 
which  it  stands  as  a  bastion  of  the  Adirondack  Mountains. 

A  mile  southwest  of  the  summit  of  the  hill  lies  a  col  l/o  mile  wide  and 
1  mile  long,  with  a  flat  floor  at  altitude  of  1,010  feet.  This  has  long  been 
known  as  Covey  Hill  Gap  (Woodworth,  1905;  Fairchild,  1919;  Taylor, 
1935)  and  has  been  believed  to  have  been  a  spillway  for  the  Great  Lakes- 
St.  Lawrence  drainage  as  the  ice  receded  from  the  Adirondack  Moun¬ 
tains.  The  east  end  of  the  gap  is  the  site  of  an  abandoned  waterfall, 
plunge  pool,  and  steep-walled  little  canyon.  Tbe  waterfall  was  about  63 
feet  high,  i.e.,  from  985  to  922  feet,  the  altitude  of  the  lake  in  the  plunge 
pool.  The  water  in  the  lake  is  70  feet  deep  at  its  western  end,  and  shoaling 
to  35  feet  midway  toward  the  eastern  end.  The  “canyon”  extends  a  mile 
eastward  from  the  lake.  Midway,  where  the  vertical  walls  are  about  85 
feet  high,  is  a  second  stagnant  pool  known  locally  as  “the  gulf.”  The 
local  “authority”  reports  that  he  sounded  it  with  an  iron  weight  on  a 
piano  wire  and  measured  70  feet  of  water.  The  longitudinal  profile  of 
the  gap,  the  lake,  and  the  gulf  are  shown  (figure  20).  The  waters  of  this 
ice  age  “Niagara”  rushed  down  the  steep  eastern  slope  of  the  divide 
from  1,000  feet  to  820  feet  and  excavated  the  gulf  and  the  lake,  as 
cascades  sapped  the  horizontal  layers  of  sandstone. 

As  mentioned  earlier,  the  Fort  Covington  marginal  moraine  drapes 
over  the  northern  flank  of  Covey  Hill.  It  is  this  moraine  that  determines  I 
the  course  of  the  East  Branch  of  Outarde  River,  down  the  northwest  ^ 
slope  of  Covey  Hill.  At  this  maximum  advance  of  Fort  Covington  ice, 
the  drainage  of  the  St.  Lawrence  was  ponded  and  overflowed  here  at  the  1 
Covey  Gap.  ^ 

The  lake  beaches  and  deltas  now  standing  at  1.000  feet  altitude  along  ^ 
the  north  flank  of  the  Adirondack  upland  were  therefore  deposited  in  the 
lake  dammed  by  Fort  Covington  ice.  The  beach  in  the  northwest  corner  ^ 
of  Churubusco  quadrangle  at  Liberty  Pole  School  and  vicinity  is  one  of 
them.  Extensive  development  of  shore  features  crosses  the  Chateaugay  ' 
(juadrangle  through  the  town  of  Chateaugay  with  sand  and  gravel  deltas  ^ 
on  the  Chateaugay,  Trout,  and  Little  Trout  Rivers.  Farther  west,  beaches 
are  seen  at  1,000  feet  on  the  Malone,  the  Nicholville,  and  the  Potsdam  ! 
quadrangles — all  of  which  therefore  are  of  Fort  Covington  age.  i 
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The  water  flowing  out  of  the  lake  and  through  Covey  Gap  carried  no 
sediment  and  made  no  noticeable  deposit  at  its  eastern  end.  There  are 
two  small  deposits  of  pebbly  sand  resembling  beach  material  at  about 
800  feet,  and  another  2  miles  to  the  east  at  735  feet.  According  to 
Chapman’s  figure  12  (1937)  the  upper  would  be  his  Coveville  shore  and 
the  lower,  his  Fort  Ann  shore.  The  evidence,  therefore,  suggests  that  the 
Covey  Gap  waters  flowed  down  into  Lake  Vermont  at  the  Coveville  stage. 
The  ice  no  longer  stood  on  Covey  Hill  at  Fort  Ann  stage,  since  this 
lake  was  confluent  to  the  Malone  Delta. 

Chateaugay  Quadrangle 

The  Chateaugay  quadrangle  lies  at  the  eastern  end  of  the  St.  Lawrence 
Lowland;  in  fact,  it  slopes  from  an  elevation  of  2,400  feet  in  the  Pre- 
cambrian  Adirondacks  at  the  south,  down  to  the  St.  Lawrence  Lowland 
plain  of  300  feet  elevation  at  the  north.  This  slope  below  about  1,500 
feet  is  largely  covered  with  Malone  till  through  which  the  north-flowing 
rivers  such  as  Trout,  Little  Trout,  Chateaugay,  Marble,  and  Hinchinbrook 
have  cut  their  channels.  This  till  is  commonly  gray-brown  to  red-brown 
in  color.  It  is  leached  8  feet,  ll/o  miles  southwest  of  Chateaugay;  6  feet 
in  the  new  Chateaugay  High  School  excavation ;  and  6  feet,  1  mile  north 
of  Burke  Center.  The  till  here  shows  fabric  from  the  northeast  in  Malone 
till  (Appendix  I-S).  A  good  exposure  of  the  red-brown  till  is  seen  in  the 
new  cut  made  where  U.S.  Route  11  crosses  Trout  River  at  the  western 
edge  of  the  map;  20  feet  of  dense,  stony,  silty,  till  is  exposed  to  study. 
The  stones  are  mostly  Potsdam  sandstone  with  small  amounts  of  red 
shale,  some  gneisses  and  limestones,  and  quite  a  bit  of  mixed  metamorphic 
rocks.  A  leaching  test  was  difficult  because  of  extensive  slumping,  but  it 
is  safe  to  say  leaching  has  progressed  to  8  or  9  feet.  The  general  land 
surface  here  is  quite  flat.  The  Trout  River  has  cut  a  ravine  about  100 
feet  deep  in  the  till. 

The  southern  third  of  the  quadrangle  is  composed  of  Precambrian 
rocks  littered  with  boulders  and  patches  of  thin  till. 

An  exposure  along  Trout  River  Valley,  31/0  miles  southwest  of  Burke, 
shows  19  feet  of  pebbly  beach  sand  over  50  to  60  feet  of  silty,  dense, 
brown  till,  with  Potsdam  sandstone  at  the  bottom.  This  shows  that 
Trout  River  has  cut  a  60-foot  valley  through  till  in  post-Iroquois  time. 

At  1/2  mile  northwest  of  Earlville,  no  lime  was  encountered  within  a 
depth  of  41/2  feet.  Chateaugay  River  has  cut  a  sharp  190-foot  ravine 
through  till  and  50  feet  into  Potsdam  sandstone.  The  depth  of  postglacial 
erosion  is  striking. 

Karnes  are  scattered  here  and  there  within  the  till  area.  In  the  gravel 
pit  near  Brainardsville,  the  gravel  is  leached  7  feet,  where  22  per  cent 
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of  the  material  is  calcareous.  In  the  kame  1  mile  south  of  Chateaugay, 
the  gravel  is  leached  8  feet.  These  depths  of  leaching  suggest  that  the 
Malone  drift  is  of  Cary  age.  The  large  kame  and  kame  terrace  area  in 
the  valley  of  the  Salmon  River  in  the  southwestern  corner  of  the  quad¬ 
rangle  is  also  leached  to  about  5  feet,  showing  it  to  be  of  the  same  age. 

Chateaugay  Channels 

Between  Chateaugay  and  the  Lower  Chateaugay  Lake  the  terrain  is 
crossed  by  a  score  or  more  abandoned  channelways.  They  are  generally 
fairly  straight  trenches  in  the  drift,  25  to  75  feet  deep,  300  to  400  feet 
across,  and  floored  with  a  mosaic  of  boulders,  in  many  places  close 
enough  so  that  it  is  possible  to  cross  the  bottom  of  the  channel  by  stepping 
from  boulder  to  boulder.  These  depressions  trend  east-west,  diagonal  to 
the  general  northward  slope  of  the  land.  The  channels  begin  at  various 
altitudes,  but  none  extend  below  1,000  feet,  i.e.,  the  level  of  Covey  Gap 
shore  line,  where  they  are  covered  by  shore  deposits.  The  channels  in 
places  join  and  part  in  anastomosing  pattern  (figure  21),  suggesting 
stagnant  ice  blocks  (see  Gravenor  and  Bayrock,  1956).  Fairchild  (1919) 


Chateaugay;  traced  from  air  photos  onto  the  contour  map 
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mapped  them  on  plate  5  as  ice-marginal  drainage  channels.  They  must 
have  been  the  work  of  considerable  concentrated  flow  from  ice-dammed 
lakes,  probably  in  the  basin  of  the  present  Chateaiigay  Lakes,  the  northern 
end  of  which  was  blocked  by  ice  of  the  waning  glacier  so  as  to  force  the 
drainage  diagonally  across  the  slope  of  the  land.  The  7-foot  leaching  of 
the  gravel  at  Brainardsville  and  the  till  at  Chateaugay  suggest  Cary  age 
for  the  drift,  and  hence  for  the  channels. 

Channels  near  the  western  edge  of  the  map,  about  2  miles  west  of 
White  Church,  are  associated  with  kames  and  the  beaches  of  ice-dammed 
lakes.  The  best  example  is  a  ridge  20  feet  high  made  of  kame  gravel  in 
the  lower  part  and  in  the  west  end,  but  of  which  the  middle  and  upper 
part  are  composed  of  horizontally-bedded  clean-washed  sharp,  pebbly, 
beach  sand.  The  altitude  is  1,100  feet,  well  above  Covey  Gap  level,  so 
it  must  have  been  a  kame  built  into  a  small  ice-dammed  lake  with  out¬ 
flow  on  the  Churubusco  map.  The  5  feet  of  leaching  suggests  Cary  age. 
Trout  River  also  built  a  little  delta  II/4  mile  south-southwest  of  White 
Church  into  a  lake,  which  stood  at  1,140  feet  and  had  its  spillway  at 
Churubusco. 


Figure  22a.  Front  of  the  sandy  delta  of  Trout  River  toward  the  north. 
Altitude  of  top  is  1,000  feet;  3  miles  east  of  Malone,  Chateaugay 
quadrangle 


Photograph  by  J.  Heller 
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Shore  Lines 

Three  shore  lines  cross  the  quadrangle,  as  revealed  by  wave-washed 
pebbly  sand  deposits. 

The  highest  shore  line  now  stands  at  about  1,000  feet  above  sea  level. 
The  surface  of  the  easternmost  patch  of  sand,  3  miles  east-northeast  of 
Chateaugay,  stands  at  1,015  feet.  It  is  about  x  l/o  mile  in  extent,  and 
has  a  gravel  pit  in  a  shore  beach  near  its  southeastern  corner.  There 
are  patches  of  sand  east,  north,  south,  and  west  of  the  center  of  the 
village  of  Chateaugay.  The  deltaic  mass  with  boulders  on  the  west  side 
of  Chateaugay  River  declines  from  1,020  feet  at  the  south  to  about  940 
feet  at  the  north.  A  continuous  sheet  of  pebbly  sand  with  deltaic  fingers 
protruding  northward  stretches  from  Burke  westward  for  5  miles,  almost 
to  the  edge  of  the  map  (figure  22a).  The  southern  edge  of  this  sandy 
mass  is  at  1,000  feet  altitude.  One-half  mile  east  of  the  western  edge  of 
the  map,  this  sand  deposit  is  seen  to  lie  on  red-brown  till  leached  to  a 
depth  of  about  6  feet.  This  shore  line  is  assigned  to  the  lake  which 
drained  at  Covey  Gap. 

A  second  and  lower  pebbly  sand  shore  line  is  at  720  to  740  feet  above 
sea  level.  The  larger  patches  of  pebbly  sand  in  this  range  are  near 
Hinchinbrook  Brook  at  Earlsville,  near  Marble  River  ll/o  miles  north  of 
Chateaugay,  near  Chateaugay  River  at  Crayton  Holland,  near  Adler 
Brook  at  Burke  Center,  and  near  Little  Trout  River  1  mile  west  of 
Burke  Center.  About  lt/6  miles  west  of  Burke  Center  is  a  beach  ridge 
8-10  feet  high,  with  lime  crusts  on  little  pebbles  at  a  depth  of  31/0  feet. 
A  mile  west  of  Burke  Center,  where  Little  Trout  River  crosses  the  700-foot 
contour,  it  has  built  a  well-defined  little  delta  with  a  flat  top  and  well- 
formed  frontal  slope.  A  farm  road  cut  into  the  northern  face  of  this 
delta  exposes  8  to  10  feet  of  pebbly  sand,  with  foreset  bedding  dipping 
northward  parallel  with  the  frontal  slope  of  the  delta.  No  lime  was 
found,  so  it  is  concluded  that  the  delta  is  built  of  noncalcareous  material 
from  the  Adirondacks  to  the  south  and/or  from  the  leached  upper  part 
of  Cary  till,  and  a  sandy  deposit  at  the  western  edge  of  the  map  which 
is  part  of  the  large  Malone  Delta.  This  shore  line  at  720  foot  altitude 
correlates  with  the  Lort  Ann  stage  of  Lake  Vermont  (Chapman,  1937), 
in  the  Champlain  Valley  12  miles  to  the  east. 

The  third  and  lowest  group  of  shore  line  deposits  is  at  520  feet  altitude 
near  Cooks  Mill  on  the  Chateaugay  River,  near  Sun  and  near  Coveytown 
Corners.  These  deposits  are  very  commonly  gravel  bars  and  beaches. 
This  shore  line  correlates  with  the  marine  shore  at  525  feet  on  the  north 
slope  of  Covey  Hill,  10  miles  to  the  northeast  (Goldthwait,  1913).  The 
lane  north  of  this  shore  line  is  strewn  with  gravel  beach  ridges,  with 
wave-washed  till  and  gravel  between.  These  bars  and  storm  beaches 


PLEISTOCENE  GEOLOGY  OF  THE  ST.  LAWRENCE  LOWLAND 


67 


were  made  by  waves  of  the  Champlain  Sea  as  the  land  gradually  emerged. 
Fossils  have  not  been  seen  within  the  Chateaugay  quadrangle,  but  they 
are  abundant  a  few  miles  to  the  west  on  the  Malone  sheet  and  to  the 
north  on  the  Huntington,  Quebec,  sheet. 

Fort  Covington  Drift 

The  southern  border  of  the  Fort  Covington  drift  sheet  crosses  the 
northwest  corner  of  the  quadrangle.  A  mile  north  of  Burke  Center,  a 
gentle  northeast-southwest  swell  in  the  topography  controls  the  direction 
of  Alder  Brook  and  Allen  Brook.  This  low  ridge  exhibits  subdued 
terminal  moraine  topography.  Till  fabric  (Appendix  I-T)  shows  it  to 
be  Fort  Covington.  A  test  pit  on  the  crest  of  the  low  ridge,  a  mile  due 
north  of  Burke  Center,  showed  the  material  to  be  stony,  bouldery  till. 
No  leaching  test  could  be  made  because  no  calcareous  material  was 
reached  in  the  test  pit  and  boring.  However,  near  the  western  end  2  miles 
northwest  of  Burke  Center,  and  near  the  eastern  end  2  miles  northeast  of 
Burke  Center,  the  soil  auger  reached  calcareous  buff  till  at  40  inches. 
If  this  ridge  be  the  subdued  moraine  of  the  Fort  Covington  drift,  it 
accounts  for  the  right  angle  turns  of  Alder  Brook  and  Hinchinbrook 
Brook.  Its  prolongation  to  the  southwest  correlates  with  the  moraine  at 
Malone.  The  line  is  therefore  drawn  through  Cooks  Mill  and  the  Alder 
Brook  Valley  to  Malone.  At  about  this  boundary  occurs  a  thick  deposit 
of  water-laid  drift.  It  is  seen  in  a  high-cut  bank  of  the  Chateaugay  River 
1/4  mile  north  of  Cooks  Mill,  about  3  miles  northwest  of  Chateaugay. 
The  75-foot  bluff  is  composed  of  stratified  silt,  containing  lots  of  striated 
glacial  stones.  Some  of  the  thinner  stratifications  are  of  smooth  clay 
resembling  winter  layers  of  varves.  No  shells  are  present.  It  could  best 
be  explained  as  a  deposit  formed  where  the  ice  edge  stood  in  lake 
waters,  i.e.,  glaciolacustrine  till. 

Malone  Quadrangle 

The  Malone  quadrangle  lies  due  west  of  the  Chateaugay  and,  like  it, 
comprises  an  area  on  the  north  flank  of  the  Adirondack  Plateau.  It  slopes 
from  the  Precambrian  upland  at  1,600  foot  elevation  on  the  south  to  the 
St,  Lawrence  Lowland  at  200  feet  on  the  north.  The  slope  is  drained 
northward  through  Little  Salmon  River,  Deer  Creek,  Salmon  River,  Trout 
River,  and  Little  Trout  River.  The  Salmon  and  Trout  Rivers  are  sizeable 
streams,  and  have  cut  100  feet  or  so  into  the  drift.  The  southern  part  of 
the  quadrangle  has  extensive  areas  of  Precambrian  rock,  thinly  mantled 
with  till  and  a  few  scattered  kames.  The  central  part  is  a  gently  sloping 
till  plain  dissected  by  shallow  little  valleys,  except  for  the  larger  ones 


6(S  \EW  YORK  STATE  MUSEUM  AND  SCIENCE  SERVICE 

mentioned  above.  This  till  plain  is  partly  mantled  with  patches  of  pebbly 
beach  sand  associated  with  the  three  ancient  shore  lines  described  on 
the  Chateaugay  quadrangle — i.e.,  a  shore  at  about  1,000  feet  elevation. 
Fort  Ann  stage  of  Lake  Vermont  at  700  to  740  feet  elevation,  and 
Champlain  Sea  at  500  to  520  feet  elevation.  The  Salmon  and  Trout 
Rivers,  particularly,  accumulated  considerable  deltaic  deposits  of  silt 
and  pebbly  sand  where  they  cross  these  shore  lines.  These  sandy  deposits 
have  been  subsequently  trenched  by  the  rivers  that  built  them.  In  places, 
as  at  Malone,  the  trenching  has  not  resurrected  the  former  valley  and 
the  stream  is  superimposed  on  the  hard  rock  of  the  former  valley  wall, 
resulting  in  rapids  and  falls. 

The  kame  terraces  that  occupy  Salmon  River  Valley  from  Malone 
southeastward  to  Owls  Head,  in  the  Loon  Lake  quadrangle,  have  been 
leached  to  a  depth  of  6  to  8  feet  as  shown  at  the  Perone  pit  2  miles 
southeast  of  Malone,  in  Todds  pit,  1  mile  northeast  of  Chasm  Falls  on 
Chateaugay  quadrangle,  and  in  the  highway  excavation  1  mile  southeast 
of  Chasm  Falls.  This  depth  of  leaching  and  the  association  with  the 
red-brown  till,  to  be  discussed  later,  suggests  a  Cary  age  for  this  drift. 
Many  of  the  lower  gravel  hills  are  draped  with  silts  and  varved  clays 
deposited  in  an  ice-dammed  lake,  suggesting  that  lake  waters  flooded 
the  lower  part  following  the  waning  of  the  Cary  ice  but  before  the 
Salmon  River  could  carry  enough  load  to  build  a  delta.  The  northern 
part  of  the  quadrangle  is  made  of  low  northeast-southwest  morainal 
ridges  of  till,  washed  and  subdued  by  wave  erosion  in  the  Champlain 
Sea,  standing  slightly  above  flat-floored  lowlands  filled  with  marine  silt 
and  clay  and  a  capping  of  a  few  feet  of  marine  sand. 

Two  Tills  Superimposed 

At  the  valley  of  Trout  Creek,  2^2  miles  northeast  of  Malone,  the 
borrow  pit  for  a  new  bridge  constructed  in  1956  and  1957  exposed  a 
vertical  section  of  till  about  30  feet  high  which  showed  the  following: 

Pebbly  sand,  5  feet 
Varved  silt  and  clay,  1-3  feet 
Buff  calcareous  till,  10  feet 
Sand  and  silt  calcareous,  2  feet 
Red-brown  till  calcareous.  2  feet 
Floor  of  pit 

The  red-brown  till  (Appendix  I-B)  has  fabric  with  strong  northeast 
maximum,  whereas  the  buff  till  has  fabric  with  strong  northwest  fabric 
maximum.  These  two  tills  are  therefore  Malone  and  Fort  Covington, 
respectively. 
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Southeastward  from  this  exposure,  the  red-brown  Malone  till  is  found 
along  the  steep  slope  of  Trout  River  Valley.  Its  fabric  orientation  diagram 
shows  a  northeast  maximum  (Appendix  I-C).  It  is  leached  to  the  depths 
of  8  to  11  feet.  A  good  exposure  of  the  red-brown  till  in  the  excavation 
for  Webster  Avenue  in  Malone  was  selected  as  the  type  locality  of  Malone 
till.  It  shows  a  strong  northeast  maximum  in  till  fabric  (Appendix  I-A). 

Study  of  the  gray-buff  drift  I/4  northwest  of  the  bridge  borrow 
pit  shows  emplacement  from  the  northwest  (Appendix  1-0).  One  mile 
northeast  of  Constable,  it  trends  about  N  50°  W.  Three  miles  north- 
northeast  of  North  Bangor  (Appendix  N)  along  east  branch  of  Deer 
Creek,  gray  till  has  fabric  N  50°  W.  These  various  phenomena  indicate 
two  episodes  of  glaciation  in  the  Malone  area;  the  first  bringing  red- 
brown  drift  from  the  northeast,  and  the  second  bringing  gray  drift  from 
the  north  and  northwest.  The  gray  drift  forms  the  northeast-southwest 
mounds  of  till  in  the  northern  part  of  the  quadrangle.  It  lies  as  a  till 
sheet  near  Bangor  Station,  North  Bangor,  Bangor,  and  West  Bangor 
and  forms  the  strong  terminal  moraine  topography  south  of  the  Bangors 
to  Dickinson  and  Dickinson  Center.  At  East  Dickinson,  the  striae  bear 
N  25°  W.  A  dashed  line  is  drawn  on  the  map  to  show  approximately 
the  southern  boundary  of  the  gray-buff  drift  sheet.  This  line  crosses  the 
southeastern  part  of  the  quadrangle,  with  a  lobe  to  Malone  and  a  second 
to  the  hamlet  of  Skerry. 

Malone  Delta 

In,  and  north  of  Malone,  is  the  Malone  Delta,  one  of  the  striking 
topographic  features  of  the  St.  Lawrence  Lowland.  It  is  a  wave-washed, 
flat-topped,  pebbly  sand  deposit  with  a  steep,  lobate,  northward-facing 
outer  slope  (figure  22b).  It  is  now  dissected  by  the  Salmon  and  Trout 
Rivers,  exposing  glacial  till  and  gravel  below  silt  and  pebbly  sand  cap¬ 
ping.  Kame  gravels  associated  with  the  gray-buff  till  are  seen  at  several 
places  within  the  delta  and  northward  from  Malone.  Along  the  west  side 
of  Salmon  River  are  extensive  kame  deposits,  and  projecting  through 
the  pebbly  sand  cover  are  several  smaller  patches  of  kame  gravel. 

The  pebbly  sand  capping  lies  on  varved  clay  and  silt,  ranging  in 
thickness  from  a  few  to  a  score  of  feet  as  seen:  (I)  at  the  Trout  River 
bridge  borrow  pit,  IV2  miles  northeast  of  Malone  Junction;  (2)  along 
the  New  York  Central  Railroad  cut,  I  mile  north  of  Malone  Junction; 
and  (3)  along  the  excavation  for  U.  S.  Highway  10,  a  mile  north  of 
the  center  of  Malone.  These  occurrences  show  that  the  delta  was  built 
into  a  fresh-water  lake. 

The  surface  of  the  delta  is  pitted  by  six  or  more  undrained  depressions. 
Four  of  these  are  shown  by  two  depression  contour  lines  on  the  topo- 
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graphic  map,  indicating  that  they  are  20  to  60  feet  deep.  They  are 
depressions  made  when  buried  ice  blocks  melted  out  and  let  the  surface 
collapse  into  the  space.  The  valley  of  Salmon  River  through  the  delta 
area  is  composed  of  three  large  depressions  whose  shape  and  topography 
show  ice-contact  phenomena  rather  than  Iluvial  trimming.  The  river  has 
cut  into  the  bottom  of  these  depressions,  and  in  the  northern  mile  has 
excavated  a  little  box  canyon  30  to  50  feet  deep  into  the  Potsdam  sand¬ 
stone.  It  would  appear  then  that  the  Salmon  River  Valley  has  been  made 
largely  by  linking  up  ice-block  depressions.  The  same  line  of  reasoning 
applies  to  the  elongate  trough  2  miles  northeast  of  Malone,  followed  by 
the  New  York  Central  Railroad.  This  depression  is  drained  by  an 
insignificant  trickle  of  water,  which  could  not  have  produced  this  major 
depression.  It  is  evidently  a  feature  of  stagnant  ice  deposition.  These 
topographic  features  demonstrate  that  deltaic  silts  and  sands  buried 
morainal  topography  and  ice  blocks  of  Fort  Covington  age.  This  lake 
episode  followed  shortly  after  the  glacial  episode.  Since  the  surface 
stands  at  700  to  730  feet  altitude,  it  correlates  with  the  Fort  Ann  stage 
of  Lake  Vermont  in  the  Champlain  Valley  (Chapman,  1937). 

Constable  Delta 

A  second  major  pebbly,  sand-covered,  flat-topped  area  stands  at  the 
lower  elevation  of  500-520  feet  near  Constable  and  thence  westward  for 
about  3  miles  (figure  22b).  It  is  associated  with  the  Salmon  and  Trout 
Rivers,  and  has  been  dissected  by  them  and  their  tributaries,  revealing 
buff  till  and  occasional  kame  gravel  covered  by  silt  and  capped  with 
pebbly  sand.  Several  northward-facing  deltaic  slopes  are  seen  south  of 


E3  Till 

Figure  226.  Diagram  of  silt  occurrences  along  Trout  River,  Malone 
quadrangle 
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Constable  and  north  of  Fay.  One  fairly  large  hill  of  till  a  mile  southwest 
of  Constable  rises  to  an  altitude  of  480  feet.  It  is  mantled  with  winnowed 
till,  which  has  been  heaped  into  low  beach  ridges  parallel  to  the  contour 


of  the  hill. 


An  excavation  into  the  edge  of  the  deltaic  mass  II/2  miles  north  of 
Gay,  41/2  miles  northwest  of  Malone,  reveals  50  feet  of  dense  silt  over 
kame  gravel  and  capped  by  10  feet  of  pebbly  sand.  In  the  upper  part  of 
the  silt,  at  an  altitude  of  360  feet  and  below  the  pebbly  sand,  are  found 
Hiatella  {  =  Saxicava)  and  Macoma  shells,  showing  that  this  delta  was 
built  into  the  Champlain  Sea.  The  silt  here  was  compared  with  the  silt 
of  the  Malone  Delta,  with  mechanical  and  chemical  analysis  by  the 
National  Research  Council  in  Ottawa,  with  the  following  results: 

Marine  Silt  Trout  River  Bridge 


4 1/2  miles  NW  Malone 
Sand  trace 
Silt  75% 

Clay  25% 


2  miles  NE  Malone 
22% 

61% 

17% 


CaCOs  20.2% 


9% 


The  difference  in  the  lime  content  appears  to  be  significant,  and  might 
prove  to  be  useful  elsewhere  in  the  region.  One  is  tempted  to  explain  the 
difference  by  saying  that  the  silt  at  Malone  was  washed  into  the  lake  by 
rivers  coming  from  Precambrian  terrain  and  older  drift,  thus  bringing 
less  CaCOp,,  whereas  the  waters  of  the  Champlain  Sea  were  acquiring  lime 
from  the  freshly  deposited  calcareous  till,  as  well  as  calcareous  silt-bearing 
melt-waters. 

Gravel  bars  and  beaches  are  found  in  the  vicinity  of  Constable,  particu¬ 
larly  to  the  northeast  and  east.  These  beaches  lie  along  the  contour  of  the 
land  in  descending  order  from  about  500  feet  in  elevation.  They  are 
evidently  beaches  of  the  Champlain  Sea,  formed  as  the  land  rose. 

The  low-lying  northern  part  of  the  quadrangle  is  composed  of  north¬ 
east-southwest  trending  masses  of  till,  displaying  frontal  moraine  topog¬ 
raphy  which  has  been  somewhat  subdued  by  the  Champlain  Sea.  This 
washing  has  left  winnowed  till  in  patches  and  beaches  here  and  there  on 
the  moraine,  and  has  deposited  clay  and  silty  sand  in  the  lowlands.  Fossil 
shells  are  found  in  many  places  in  the  winnowed  till,  as  well  as  in  the 
clay.  Near  the  northern  border  of  tbe  quadrangle,  21/0  miles  east  of  Fort 
Covington,  a  gravel  pit  exposes  the  following  section: 

3,  Horizontally  bedded  fossiliferous  sand  and  gravel,  6-8  feet 

2.  Well-varved  silt  and  clay,  6  feet 

1.  Outwash  gravel,  medium  grained,  12  feet 

This  section  is  one  of  many  such  occurrences  in  the  St.  Lawrence  Low¬ 
land  which  show  that  a  fresh-water  lake  followed  glaciation  before  the 
marine  invasion. 
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In  parts  of  the  pit,  fossiiiferous  clays  and  gravels  are  seen  to  lie 
directly  on  till.  This  may  mean  that  (T)  the  varves  were  not  deposited 
here;  (2)  that  wave  action  during  uplift  in  post-Champlain  time  eroded 
away  the  varves  and  deposited  fossiiiferous  sediments  on  the  till;  or  (3) 
that  the  lake  was  drained  to  sea  level,  which  at  that  time  was  lower  than 
the  bottom  of  the  lake,  so  that  the  varves  were  exposed  to  fluvial  erosion 
before  the  sea  rose  and  flooded  into  the  St.  Lawrence  Lowland.  This  last 
suggestion  is  preferred  because  it  also  accounts  for  a  phenomenon  found 
in  excavation  and  bore  holes  of  the  seaway,  where  the  top  of  the  varved 
clay  is  fractured  and  cracked,  showing  that  it  was  exposed  and  dried  out 
before  being  covered  by  marine  clay. 

The  morainal  belt  crosses  the  quadrangle  from  about  Trout  River  at 
the  international  boundary,  through  Fort  Covington  Center,  2  miles  south 
of  Fort  Covington.  The  core  of  the  morainal  belt  with  hills  rising  60  to  80 
feet  above  the  flats  passes  through  Fort  Covington  so  that,  as  previously 
stated,  this  moraine  has  been  designated  the  Fort  Covington  Moraine, 
and  its  till  the  Fort  Covington  till. 

The  Salmon  River  Valley,  6  miles  north  of  Malone,  displays  a  flight  of 
stream  terraces.  They  vary  in  number,  from  place  to  place  along  the 
valley,  to  as  many  as  five.  The  tops  of  the  terraces  display  abandoned 
channel-way  and  meander  scars,  and  are  normally  strewn  with  cobbly  lag 
gravel,  suggesting  that  these  are  all  stream-cut  terraces  successively  graded 
to  the  falling  sea  level  as  the  land  finally  rose.  They,  therefore,  may  be 
correlated  in  time  to  the  Champlain  Sea  episode. 

Moira  Quadrangle 

The  Moira  quadrangle  is  mostly  below  400  feet  elevation,  but  rises  as 
high  as  1,000  feet  in  the  extreme  southeastern  corner.  The  southern  one- 
third  is  a  sloping  till  plain,  strewn  with  patches  of  pebbly  sand  beach  and 
with  about  25  hilltop  areas  of  winnowed  till.  The  central  one-third  is 
mostly  a  clay  and  sand-covered  lowland,  containing  several  extensive 
swampy  areas  of  peat  and  muck,  and  the  northern  one-third  is  made  of 
the  northeast-southwest  ridges  of  the  Fort  Covington  Moraine,  rising  60 
to  80  feet  above  the  clay-filled  lowlands  and  capped  by  many  elongate 
ridges  of  fossiiiferous  winnowed  till.  The  winnowed  till  is  piled  into  beach 
ridges  in  many  places.  A  mile  northeast  of  Bombay  the  beach  ridges  lit¬ 
tering  the  north  slopes  were  built  as  the  land  rose  out  of  the  sea.  On  the 
south  flank  of  the  hill,  2  miles  east  of  South  Bombay,  a  big  gravel  pit  dis¬ 
plays  deltaic  foreset  beds  (built  of  this  beach  material)  to  a  thickness  of 
25  feet.  At  a  depth  of  20  feet  below  the  surface,  Macoma  shells  are  seen 
in  growth  position,  with  the  valves  shut  and  intact. 

One  mile  west  of  Bombay,  the  fabric  shows  orientation  N50°W  (Ap- 
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pendix  M).  This  locality,  at  the  crest  of  the  Fort  Covington  Moraine, 
was  selected  as  the  type  locality  for  the  Fort  Covington  till.  Till  fabric  2 
miles  southwest  of  Moira  (Appendix  I-I)  shows  emplacement  from  the 
northwest.  In  like  manner,  striae  in  the  valley  of  Little  Salmon  River,  2 
miles  south  of  Bombay,  bear  N  40'^W.  At  Brasher  Iron  Works,  west-trend¬ 
ing  striae  are  crossed  by  south-trending  later  striae.  Along  Deer  River  ll/o 
miles  south  of  Brasher  Iron  Works,  striae  bear  N  80°E  and  N  70°E.  These 
evidences,  as  in  the  Malone  area,  show  two  glaciations ;  the  earlier  from 
the  east  and  northeast,  and  the  latter  from  the  northwest.  The  latter.  Fort 
Covington  episode,  covered  the  whole  quadrangle  with  the  exception  of 
about  a  square  mile  in  the  southeast  corner,  which  lies  above  the  strong 
terminal  moraine  through  East  Dickinson. 

The  pebbly  sand  deposits  are  scattered  through  the  southern  one-third 
of  the  quadrangle.  The  highest  area  of  these  lies  in  the  extreme  south¬ 
east  corner  of  the  map.  Here  at  1,000  feet  elevation  a  mass  of  gravel  is 
banked  against  the  Precambrian  hillside.  Excavation  of  a  large  gravel 
pit  displays  foreset  bedding  of  a  delta  which  dips  northward.  The  ampli¬ 
tude  of  these  foresets  is  125  feet  parallel  with  slope  of  the  hill,  showing 
that  the  slope  here  is  the  frontal  slope  of  the  delta.  The  gravel  is  uniform, 
medium-fine  gravel  with  practically  no  oversize.  The  stones  are  pre¬ 
dominately  Precambrian  with  only  rare  sandstone  and  no  limestone, 
showing  derivation  from  the  south.  This  delta  is  the  only  such  feature 
recognizable  at  1,000  foot  elevation  on  this  quadrangle. 

Near  the  south  edge  of  the  map,  and  a  mile  south  of  the  village  of  Al- 
burg,  occurs  approximately  2  square  miles  of  pebbly  sand  with  flattish  top 
and  north-facing  delta  lips.  The  upper  edge  of  this  deposit  is  at  700  feet 
elevation,  the  level  of  the  Fort  Ann  stage  of  Lake  Vermont. 

No  significant  shore  line  deposits  occur  at  the  500  foot  marine  level  but 
Just  below  that,  around  450-460  feet,  a  row  of  beach  deposits  extend 
across  the  map  from  Brushton  through  Moira  and  Lawrenceville  to  the 
western  edge  of  the  map.  This  shore  line  is  particularly  marked  north 
and  northeast  of  Lawrenceville.  Marine  shells  are  common  in  winnowed 
till  deposits  to  the  north  of  this  line.  A  mile  northwest  of  Moira,  frag¬ 
ments  of  shell  are  found  in  the  winnowed  till  at  elevation  399  feet,  the 
highest  occurrence  yet  found  in  this  part  of  the  St.  Lawrence  Lowland. 

Nicholville  Quadrangle 

The  Fort  Covington  ice  crossed  the  Moira  quadrangle  and  projected  a 
few  miles  southward  in  the  Nicholville  quadrangle.  The  terminal  moraine 
topography  north  of  Lake  Ozonia  is  composed  of  Malone  drift.  Shallow 
leaching  shows  Fort  Covington  till  1  mile  northwest  of  Dickinson  Center. 
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and  ill  the  kame  gravels  at  Days  Mills  along  the  St.  Regis  River.  Striae 
at  the  eastern  edge  of  the  lobe  bear  N  40°W  to  N  70°W.  The  western 
edge  of  the  lobe  lies  just  west  of  Hopkinton,  with  the  red-brown  till  of 
northeast  fabric  lying  beyond  this  edge.  The  boundary  follows  north¬ 
westward,  on  to  the  Massena  quadrangle,  to  Stockholm. 

The  three  shore  lines  cross  the  quadrangle,  and  their  deposits  lie  on 
the  buff  till  of  the  Fort  Covington  drift.  There  is  a  belt  of  pebbly  sand 
and  gravel  shore  deposits  whose  upper  edge  stands  at  980  to  1,000 
feet  in  altitude.  This  shows  that  1,000  foot  lake  waters  followed  the  Fort 
Covington  episode,  at  least  in  this  region.  One  of  the  best  exposures,  as 
seen  in  1954,  lay  along  the  newly  improved  highway  half  a  mile  north¬ 
west  of  Dickinson  Center.  Here,  10  feet  of  calcareous  buff  till  with  fabric 
orientation  from  the  northwest  (Appendix  I-Q)  was  exposed  below  60 
feet  of  bedded  pebbly  sand  deltaic  deposit,  whose  flattish  top  stands  at 
980-1,000  feet  elevation.  The  St.  Regis  River  had  built  a  sandy  deltaic 
deposit  3  miles  to  the  west  at  this  same  level,  and  has  since  trenched  it 
deeply.  Gravel,  partly  deltaic  and  partly  kamic,  is  exposed  at  Days  Mills. 
Sandy  shingle  deposits  on  a  beach  ridge  are  seen  D/o  miles  southeast  of 
Hopkinton,  and  the  flattish  shore  line  terrace  passes  off  the  map  at 
about  elevation  960  feet,  3  miles  southwest  of  Hopkinton. 

The  Lake  Fort  Ann  shore  line  is  seen  in  sandy  deltaic  deposits  along 
Deer  River  at  about  700  foot  elevation,  and  along  St.  Regis  River  at 
Water  Street  School. 

Another  deltaic  deposit  of  the  St.  Regis  River  on  this  and  the  Potsdam 
quadrangles  slopes  gently  from  600  feet  at  the  south  to  560  feet  at  the 
north,  where  it  drops  steeply  to  500  feet  along  what  might  be  a  delta 
front,  and  thus  represents  a  shore  deposit  of  the  Fort  Ann  Lake  but, 
might  equally  well  be  a  sea  cliff  of  the  marine  shore  line.  Similar  relations 
are  shown  along  the  west  branch  of  the  St.  Regis  River,  and  the  Raquette 
River  at  Hannawa  Falls. 

Massena  Quadrangle  j 

The  topography  of  this  quadrangle  comprises  gentle,  smoothly  rounded, 
northeast-southwest  hills  rising  60  to  80  feet  above  wide  flat  lowlands. 
The  hills,  for  the  most  part,  are  made  of  till,  whereas  the  lowlands  are 
underlain  by  clay  and  silty  clay  with,  in  parts,  a  coating  of  a  few  feet  of  j 
sand.  Well  records  show  the  drift  to  be  50  to  lOOzb  feet  thick,  lying  on  a  i 
roughly  horizontal  bedrock  surface.  The  topography  is  a  result  of  deposi-  | 
tion  of  glacial  drift  followed  by  the  washing  and  subduing  effects  of  ! 
waves,  tides,  and  currenls  of  the  Champlain  Sea  ( figures  23a  and  23b)  .It  | 
is  estimated,  as  stated  before,  that  the  hills  have  thereby  been  lowered  I 
30  to  50  feet,  while  the  lowlands  were  aggraded  a  proportionate  amount  I 
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by  the  finer  material  washed  from  the  hills  (figure  24).  Deposits  of 
fossil  shells  of  Hiatella  (  =  Saxicava)  and  Macoma  are  widely  distributed 
through  the  region.  The  shore  line  phenomena  of  the  deep  phase  of  the 
Champlain  Sea  lie  on  higher  ground  to  the  south  of  the  Massena  region, 
but  scattered  storm  beaches,  tidal  beach  flats,  and  sand  plains  were 
formed  here  and  there,  as  the  region  finally  rose  out  of  the  sea  at  the  end 
of  the  Pleistocene.  Rivers  such  as  the  Grass,  the  Raquette,  and  the  St. 
Regis  flow  to  the  north  and  then  northeast  following  the  depressions 
among  the  glacial  drift  hills.  They  have  cut  only  shallow  channels  through 
the  silt  and  clay  of  the  lowlands.  The  same  phenomena  hold  true  for  the 
St.  Lawrence  River  itself,  which  is  made  up  of  channels  that  spill  among 
the  glacial  hills  and  have  cut  into  and  exposed  the  Champlain  Sea,  as 
seen  along  parts  of  both  the  north  and  south  shores  of  Barnhart  Island. 

Foundation  excavations  in  1953  for  the  new  hospital  in  the  north¬ 
western  part  of  Massena  exposed  5  or  6  feet  of  sandy,  loose  rubble  con¬ 
taining  Hiatella  shells  lying  on  dense,  silty,  oxidized,  but  calcareous  till. 
The  lithology  of  the  rubble  layer  is  the  same  as  the  till  below,  showing 
that  it  was  derived  therefrom  by  the  winnowing  action  of  the  waves  of 
the  Champlain  Sea,  in  which  the  Hiatella  shells  grew.  The  silt  and  clay 


Figure  23a.  Boulder-strewn  shore  line  slope  at  altitude  of  380  feet, 
1  mile  west  of  Stockholm  (.enter,  Massena  quadrangle 

Photograph  by  J.  H(dler 
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from  the  till  had  been  washed  away  into  the  surrounding  depressions, 
where  they  had  accumulated  as  flat  plains  of  deposition.  In  many  low¬ 
lands  clay  and  silty  clay  are  exposed  at  the  surface,  but  in  other  places  a 
thin  layer  of  sand  may  form  the  surface  material.  Not  uncommonly,  this 
sand  has  been  blown  into  patches  of  dunes.  The  blanket  of  winnowed 
till  is  a  residual  marine  sedimentary  deposit  accumulated  in  situ. 

On  top  of  the  hill  where  the  hospital  stands,  the  rubbly  and  bouldery 
winnowed  till  forms  long  low  ridges  about  10  feet  high  and  100  yards 
long,  which  are  strewn  with  boulders.  These  ridges  are  believed  to  be 
storm  beach  ridges  piled  by  the  waves  of  the  ancient  sea. 

The  best  display  of  beach  phenomena  in  the  area  is  seen  on  the  hill 
3  miles  southeast  of  Massena  Springs,  locally  known  as  Maple  Ridge.  It 
is  a  conspicuous  hill,  standing  well  above  its  surroundings  on  all  sides. 
The  crest  of  the  hill  has  been  excavated  for  gravel,  leaving  a  large  shallow 
pit  exposing  very  coarse,  poorly  sorted,  winnowed  till  studded  with 
Saxacava  shells  and  shell  fragments.  This  blanket  of  coarse  material  must 
have  formed  locally,  as  waves  of  the  Champlain  Sea  winnowed  the  fine 
material  from  the  till  to  leave  this  as  a  residual  sedimentary  deposit. 


Figure  236.  Beach  ridge  on  the  north  slope  of  Maple  Hill,  3^/2  miles 
southeast  of  M.assena  Springs,  Massena  quadrangle 

Photograph  by  J.  Heller 
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Piles  of  large  boulders  and  blocks  are  abandoned  on  the  bottom  of  the 
pit.  Some  are  very  slightly  rounded,  and  others  are  striated. 

The  north  flank  of  the  hill  is  made  of  a  succession  of  6  to  8  roughly 
parallel  low  ridges,  like  storm  beaches,  composed  of  poorly  sorted,  rough, 
bouldery  gravel.  These  low  ridges  are  6  to  15  feet  high  and  50  to  100  feet 
wide  (figure  23b).  Laterally  they  merge  and  part,  are  a  little  higher 
or  lower,  or  even  flatten  out  altogether.  This  is  characteristic  of  storm 
beaches  along  present-day  shore  lines.  A  gravel  pit  on  the  southeast 
flank  of  Maple  Ridge  has  been  excavated  in  one  of  these  storm  beaches 
of  winnowed  till,  which  is  here  about  6  feet  high.  The  pit  is  about  15  feet 
deep,  and  shows  a  blanket  of  winnowed  till  about  12  feet  thick,  the 
surface  of  which  has  been  heaped  into  storm  beaches.  Dense  silty  till, 
strewn  with  Saxacava  shells,  is  exposed  on  the  floor  of  the  gravel  pit. 

A  gravel  pit  at  the  top  of  a  low  hill  1  mile  north  of  Massena,  near  the 
old  canal,  is  illuminating.  The  floor  of  the  pit  is  strewn  with  large 
boulders  and  blocks;  the  face  is  badly  slumped  but  is  evidently  made  of 
winnowed  till,  and  contains  a  few  shell  fragments.  The  top  surface  of 
the  hill  is  a  mosaic  of  large  boulders.  This  boulder  field  extends  northeast- 


Figure  24.  Fossiliferous  winnowed  till  beach  gravel.  Raqiiette  River 
Village,  Massena  quadrangle 


Photograph  by  ./.  Holler 
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ward  to  the  bank  of  the  canal,  which  has  here  been  cut  through  a  mound 
of  till  to  expose  about  50  feet  of  dense  blue-gray  till  oxidized  to  a  depth  of 
about  12  feet.  At  the  brink  of  the  canal  bluff.  2  to  4  feet  of  the  winnowed 
till  whose  top  surface  is  strewn  with  boulders  is  seen  to  lie  on  the  dense 
till.  A  few  hundred  feet  to  the  north,  along  the  same  bluff,  the  dense  till 
is  seen  to  extend  completely  to  the  land  surface,  but  still  this  surface  is 
littered  thickly  with  boulders.  Hence,  the  presence  of  boulder  concentra¬ 
tion  alone  does  not  show  the  presence  of  winnowed  till.  Two  mechanisms 
seem  to  have  been  at  work.  The  winnowed  till  is  a  blanket  of  fossiliferous 
debris,  made  by  churning  up  of  the  surface  part  of  the  till  and  the  win¬ 
nowing  out  of  the  si:t  and  clay,  leaving  the  residue  with  the  marine  shells 
in  it.  From  the  number  of  boulders  in  it,  as  contrasted  with  the  number 
in  the  dense  till,  it  is  estimated  that  about  2/3  of  the  original  till  has  been 
washed  away.  The  other  mechanism  which  produced  a  boulder-strewn 
surface,  where  the  boulders  lie  directly  on  dense  till,  seems  to  have  re¬ 
sulted  in  a  washing  of  the  surface  without  the  churning-up  process.  It 
might  be  that  one  was  the  churning  action  of  waves,  and  the  other  the 
washing  action  of  currents.  In  field  discussion  it  was  useful  to  designate 
the  one  as  “washed-out”  till,  and  the  other  as  “washed-off”  till.  The  ques¬ 
tion  arose  whether  or  not  it  is  possible  to  distinguish  and  map  the  two 
phenomena  simply  by  surface  topography.  After  much  laborious  digging 
of  test  pits  and  drilling  with  a  4-foot  soil  auger,  a  fairly  consistent  rela¬ 
tionship  was  established.  If  the  microtopography  of  a  few  feet  of  relief 
shows  parallel  ridges  or  gently  branching  and  joining  ridges  rather 
parallel  to  the  contours  of  the  hill,  they  are  beach  ridges  and  a  deposit  of 
winnowed  till  may  be  mapped.  On  the  other  hand,  if  the  low  boulder- 
strewn  ridges  make  rough  circles  or  interlocking  circles  and  till  is  en¬ 
countered  among  and  below  the  boulders,  it  seems  normally  to  be  subdued 
morainal  topography  and  the  area  should  be  mapped  as  till  (washed-off 
till  ) .  Maple  Ridge,  3  miles  southeast  of  Massena  Springs,  is  an  ideal  place 
to  study  the  former  phenomenon  of  heach  ridge  topography ;  the  hill  l/o 
mile  southeast  of  Massena  Center  shows  the  latter. 

Kame  Terrace 

The  hill  3  miles  northeast  of  Norfolk  is  covered  with  winnowed  till, 
heaped  into  a  flight  of  boulder-strewn  storm  beaches.  But  at  the  northern 
base  of  the  hill,  the  lowest  ridge  is  revealed  in  a  large  gravel  pit  to  be 
(‘ornposed  of  well-rounded  and  well-sorted  ice-conlact  gravel  which  con¬ 
tains  no  fossils.  It  is  proposed  that  this  low  ridge  is  a  kame  terrace,  which 
persisted  through  the  Champlain  Sea  episode  with  only  slight  surface 
modification. 
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Outwasli  Gravel 

About  3  miles  south  of  Massena  Springs  lies  an  occurrence  of  outwash 
gravel.  The  top  of  the  hill  has  been  excavated  for  aggregate  used  in 
construction  of  the  Massena  airport,  and  displays  25  feet  of  fossiliferoiis 
winnowed  till  on  lOdz  feet  of  clean,  horizontally  bedded,  well-sorted, 
medium-sized,  outwash  gravel  which  in  turn  lies  on  dense  till  in  the 
bottom  of  the  pit.  The  large  pits  on  the  southern  flank  of  the  hill  expose 
about  15  feet  of  fossiliferous,  bouldery,  winnowed  till  lying  on  horizon¬ 
tally  bedded,  clean,  medium-sized,  nonfossiliferous  gravel.  The  horizontal 
stratification  shows  the  gravel  to  be  part  of  a  glacial  outwash  plain.  At 
the  southwest  end  of  the  pit,  the  outwash  gravel  is  capped  by  several  feet 
of  fossil-bearing  (Macoma)  sand,  which  mantles  extensive  lowland  flats 
surrounding  the  hill. 

Farther  south  6  miles  and  6  miles  southeast  of  Raymondville,  the 
gravel  pit  along  Regan  Road  is  about  30  feet  deep  in  gravel,  containing 
cobbles  and  boulders.  At  the  north  end  of  the  pit,  9  feet  of  medium  gravel 
containing  shell-fragments  lies  on  8dz  feet  of  clean,  sharp,  sand  contain¬ 
ing  whole  Saxacava  shells  to  a  depth  of  15'- 18'  below  the  land  surface. 
Along  the  east  side  of  the  pit,  the  upper  gravel  displays  deltaic  foreset 
bedding  dipping  southwestward.  This  deposit  came  to  rest  in  the  Cham¬ 
plain  Sea,  as  shown  by  the  fossils,  but  because  the  pebbles,  cobbles,  and 
boulders  are  so  well  rounded  it  is  thought  to  have  been  derived  from  a 
deposit  of  Kame  gravel,  rather  than  of  till.  The  kame  may  well  lie  con¬ 
cealed  under  the  northern  part  of  the  hill. 

Another  good  case  of  redeposited  kame  gravel  is  to  be  seen  in  the  pit 
a  mile  west  of  Massena.  This  pit  is  dug  into  the  northwestern  slope  of 
the  long  till  hill  on  which  the  city  of  Massena  has  been  built.  The  summit 
of  this  hill,  1  mile  west  of  town,  is  capped  by  a  beach  ridge  of  fossiliferous 
winnowed  till  about  10  to  15  feet  thick.  The  upper  and  eastern  parts  of 
the  gravel  pit  are  in  this  material,  but  the  western  and  lower  parts  of  the 
pit  have  encountered  such  well-rounded  material  that  a  source  in  kame 
gravel  is  postulated  instead  of  till.  It  contains  Hiatella  and  Macoma 
shells,  showing  that  it  was  redeposited  in  the  Champlain  Sea. 

Another  illuminating  exposure  is  found  in  the  gravel  pit  2  miles  south¬ 
west  of  Norfolk.  The  pit  is  at  the  southwest  end  of  a  long  beach  ridge  of 
winnowed  till  which  mantles  the  hilltop.  The  upper  10  feet  of  the  pit 
exposure  shows  rubbly  sand  and  gravel  without  fossils.  Below,  judging 
from  its  size  and  shape,  occurs  kame  gravel.  But  in  the  bottom  of  the 
pit,  20  feet  below  the  original  surface,  fossil  shells  of  Macoma  and  Mytilus 
were  collected  from  clean,  sharp,  sand.  Till  containing  striated  boulders 
is  seen  in  the  bottom  of  the  pit.  These  relations  show  how  the  deposit  was 
made  by  the  transport  of  sediments  by  the  Champlain  Sea  from  the  higher 
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ground,  to  the  north,  where  the  hill  is  now  covered  with  northeast-south¬ 
west  storm  beaches  made  of  winnowed  till.  It  follows  that  the  smoothly 
rounded  shape  of  the  majority  of  the  hills  of  the  region  may  be  partly 
due  to  the  washing  of  the  Champlain  Sea. 

Fort  Covington  Drumlins 

A  striking  bit  of  topography  occurs  a  mile  south  of  Massena  Center, 
ft  consists  of  a  group  of  very  regular,  parallel,  small  symmetrical  till 
ridges  50  to  60  feet  high,  about  200  feet  wide  by  mile  long.  These 
ridges  have  a  north-south  orientation  athwart  the  normal  northeast-south¬ 
west  trend  of  the  main  hill.  They  are  littered  with  a  mosaic  of  boulders. 
In  the  troughs  between  the  ridges  the  auger  brings  up  clay  below  a  foot 
of  sand  among  scattered  boulders,  showing  that  the  ridges  were  formed 
prior  to,  or  contemporaneous  with,  the  Champlain  Sea.  A  similar  group 
is  seen  crossing  the  hill  3  miles  southwest  of  Massena.  They  are  small 
drumlins  of  Fort  Covington  till  on  top  of  Malone  till. 

Margin  of  Fort  Covington  Drift 

The  southern  margin  of  the  Fort  Covington  drift  lies  in  the  southeast 
corner  of  the  quadrangle,  south  of  Stockholm.  Exposures  are  not  present 
on  the  Massena  quadrangle  to  demonstrate  this  fact,  but  on  the  Potsdam 
quadrangle,  to  the  south,  two  good  exposures  of  red-brown  Malone 
drift  at  Hayes  School,  a  mile  east  of  West  Stockholm,  and  at  Buckton, 
demonstrate  the  presence  of  the  border. 

Oxidized  Till  Below  Unoxidized  Clay 

Occurrence  of  oxidized  till  below  gray,  unoxidized,  clay  was  well  dis¬ 
played  along  the  Long  Sault  Island  Cutoff  diversion  trench  (cut  “C”). 
When  the  “Friends  of  the  Pleistocene”  group  visited  the  cut  in  May  1955, 
it  was  agreed  that,  since  a  layer  of  water-bearing  sand  and  gravel  lay  at 
the  contact,  the  staining  could  have  been  accomplished  by  ground  water, 
particularly  since  there  was  no  sign  of  leaching  or  soil  profile  develop¬ 
ment  below  the  contact.  At  the  southwest  end  of  this  diversion  trench,  a 
zone  of  springs  issues  at  the  contact  and  trickles  down  across  the  surface 
of  the  till,  which  is  seen  to  be  stained  here.  Also,  in  the  bottom  of  the 
excavation  for  the  Long  Sault  Powerhouse  at  the  east  end  of  Barnhart 
Island,  6-inch  holes  drilled  for  the  purpose  of  grouting  the  bedrock  pene¬ 
trated  a  2-foot  layer  of  gypsum  at  a  depth  of  40-50  feet,  and  water  flowing 
from  these  drill  holes  in  July  1955,  had  a  strong  sulphur  smell  and  taste. 
Where  it  had  run  for  only  a  few  weeks,  it  stained  yellow-brown  the  sur¬ 
face  of  the  pipe,  the  gravel,  and  the  till.  At  Massena  Springs,  3  miles  to 
the  southwest,  on  the  north  bank  of  Raquette  River,  there  has  long  been 
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famous  the  ^‘medicinal”  waters  of  the  Massena  Springs,  which  also  have 
a  sulphurous  smell  and  taste,  and  doubtless  arise  from  the  gypsum  bed 
below.  It  is  a  tenable  hypothesis  that  the  buff  staining  of  the  till  below 
the  clay  is  the  result  of  circulation  of  the  iron-bearing  sulphate  waters 
spreading  below  the  less  pervious  clays. 

Permanent  Bridge  Pier 

At  the  excavation  on  Barnhart  Island,  for  the  north  pier  of  the  per¬ 
manent  bridge,  fresh-water  varved  clays  10  feet  thick  lie  on  buff-stained 
calcareous  till  and  are,  in  turn,  overlain  by  10  feet  of  fossiliferous,  silty, 
marine  clay.  Nowhere  is  there  evidence  of  leaching.  The  vertical  section 


in  the  cut  for  the  access  road  to  this  excavation  shows: 

5.  Fossiliferous  marine  sand  and  silt.  ................................  10'’  thick 

4.  Varved  clay  and  silt  fractured  and  faulted  in  its  upper  part. .........  10'’  thick 

3.  Iron-stained  gravel,  silt,  and  till ....................................  3"  thick 

2.  Buff  sandy  till ....................................................  W  thick 

L  Blue-gray  sandy  till ...............................................  5"  thick 


The  conclusion,  then,  is  again  deduced  that  a  fresh-water  environment 
followed  glacial  retreat,  prior  to  invasion  by  Champlain  marine  waters. 
Emergence  with  desiccation  of  varved  clay  may  have  occurred  before 
submergence  by  the  sea.  Oxidation  of  the  till  below  the  varves  is  again 
probably  due  to  either  staining  by  ground  water,  or  oxidation  during 
exposure  to  the  atmosphere. 

Excavation  of  the  Eisenhower  lock  exposed,  in  1955,  10  feet  of  fossili¬ 
ferous  winnowed  till,  which  has  been  washed  down  the  gently  sloping 
eastern  side  of  a  till  hill  onto  10  feet  of  varved  silt  and  clay,  which  in 
turn  lay  on  blue-gray  Fort  Covington  till.  The  contact  between  the  varved 
clay  and  the  till  is  undulatory,  as  though  it  were  the  irregular  depositional 
surface  of  till  on  which  the  lake  sediments  accumulated  prior  to  the 
invasion  of  the  Champlain  Sea. 

Stratigraphy  in  the  Excavations  for  the  Seaway 
and  Power  Projects 

By  the  summer  of  1956,  nine  major  excavations  were  open  to  study. 
In  the  following  descriptions  no  attempt  is  made  to  measure  or  describe 
precise  thickness  and  distances.  The  engineering  specifications  and 
descriptions  are  accurate  to  a  fraction  of  a  foot,  and  the  drawings  are 
all  to  scale,  but  for  geological  interpretation  generalized  diagrams  are 
sufficient. 

Grass  River  lock*  The  Grass  River  lock  lies  at  the  eastern  end  of  the 
International  Rapids  section  of  the  seaway.  It  is  located  a  half  mile  west 
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Figure  26.  Diagram  of  Eisenhower  lock  excavation,  east  end 
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of  the  mouth  of  the  Grass  River„  where  the  latter  joins  the  St.  Lawrence. 
The  excavation,  about  100  feet  wide  at  the  bottom  by  1,200  feet  long,  went 
down  through  clay  and  drift  to  lay  bare  the  bedrock  upon  which  the  lock 
was  built.  Before  the  concrete  was  poured,  the  bedrock  was  thoroughly 
washed  with  high-pressure  hoses  so  that  glacial  striae  in  almost  unpre¬ 
cedented  magnitude  and  freshness  were  laid  bare  to  view.  In  the  central 
and  western  part  of  the  excavation,  these  striae  trend  N  70°E  with  details 
of  stoss  and  lee  to  show  movement  from  northeast  toward  southwest.  These 
striae  are  quite  uniform  over  a  surface  about  60  to  600  feet  in  area. 
Toward  the  western  end  of  the  exposed  bedrock,  a  small  gully  cut  in  the 
bedrock  about  10  feet  deep  lies  almost  east-west  and  exhibits  striae  on 
its  walls  and  bottom.  It  was  evidently  present  and  followed  by  the  basal 
currents  of  the  ice.  At  the  eastern  end  of  the  excavation,  on  the  other  hand, 
in  an  area  at  least  75  by  100  feet,  the  striae  bear  N  15°W. 

Striae  on  the  limestone  of  the  Barrett  quarry  a  mile  south  of  East 
Norfolk  which  bear  N  65°E,  are  crossed  by  a  younger  set  of  striae,  with 
bearing  N  10°W.  These  latter  striae  descend  into  and  across  the  earlier 
set.  This  situation  is  seen  on  the  south  rim  of  the  pit,  where  excavation 
has  stripped  about  15  feet  of  buff  till  from  the  limestone.  Quarrying 
operations  are  pushing  the  face  southward  so  that  the  striae  may  not  be 
preserved  very  long.  They  do,  however,  confirm  till-fabric  evidence  that 
there  have  been  two  directions  of  ice  motion  in  the  area,  one  from  the 
northeast  and  later,  one  from  the  northwest.  These  two  sets  of  striae  are 
overlain  respectively  by  the  Malone  and  the  Eort  Covington  tills,  as  shown 
by  respective  till-fabric  analyses  (figure  25,  Appendix  I-MM  and  XX). 
This  site  demonstrates  Fort  Covington  till  lying  on  the  bedrock,  and 
suggests  either  an  episode  of  fluvial  erosion  between  deposition  of  the  two 
tills  or  erosion  of  the  Malone  till  by  Fort  Covington  ice.  The  tills  are 
overlain  by  Lake  Vermont  varved  clays,  and  by  Champlain  Sea  clays 
and  sands. 

Eisenhower  lock.  The  excavation  for  the  Eisenhower  lock  cuts 
through  one  of  the  typical  northeast-southwest  hills  of  the  region  (figure 
26) .  At  each  end,  the  excavation  passes  down  through  the  marine  clays  of 
the  lowlands  into  Fort  Covington  till,  but  in  the  middle,  it  goes  down 
through  till  to  bedrock.  In  this  cut,  three  distinct  layers  of  till  were  dis¬ 
played,  separated  by  stratified  drift  within  which  are  zones  of  varved 
silts  and  clays  8  to  10  feet  thick.  The  stratified  layers  were  measured  with 
the  hand  level,  and  proved  to  be  horizontal  to  within  a  foot  or  so,  from  one 
end  of  the  exposure  to  the  other.  The  bottom  till  lies  on  bedrock  striated 
N  60°E,  and  shows  fabric  orientation  (Appendix  I-NN)  in  the  same  direc¬ 
tion.  The  middle  till  of  the  section  shows  a  similar  fabric  orientation,  and 
so  belongs  to  the  same  episode  (Appendix  I-OO).  On  the  other  hand,  the 


(S4  NEW  YORK  STATE  MUSEUM  AND  SCIENCE  SERVICE 

upper  till  shows  orientation  from  the  northwest  (Appendix  I-YY).  These 
facts  allow  correlation  to  be  made,  the  lower  and  middle  tills  being  Malone 
and  the  upper  being  Fort  Covington.  At  the  crest  of  the  hill,  as  mentioned 
earlier,  fossil-bearing  beach  gravels  of  Champlain  Sea  origin  occur.  In 
the  lowland  at  the  east  base  of  the  hill,  also,  Champlain  Sea  deposits  of 
fossiliferous  clays  occur.  These  clays  in  the  lowland  lie  on  Lake  Vermont 
varved  clays,  which  in  turn  rest  on  Fort  Covington  till,  as  shown  by  its 
fabric.  So  here,  as  in  the  Grass  River  lock,  the  Fort  Covington  till  com¬ 
prises  the  crest  of  the  hill  and  drapes  down  to  underlie  the  lowland  as 
well.  At  the  east  brow  of  the  hill  an  excavation  beside  an  access  road 
reveals  a  bluff  20  feet  high  of  crumpled  till,  stratified  silts,  gravels,  and 
sands.  The  involutions  are  10-15  feet  across,  and  are  obviously  the  result 
of  subaqueous  slumping.  About  a  hundred  feet  down  the  slope  of  the 
hill  two  or  more  masses  of  till  are  slumped  into  crudely  stratified  ma- 
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Figure  27.  Relation  of  Fort  Covington  and  Malone  drifts  shown  in 
the  canal  excavation 
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Figure  286.  Structure  of  debris-laden  Greenland  ice  sheet 
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terial,  like  a  near-shore  beach  deposit.  At  the  top  of  this  latter  material 
occur  10  feet  of  varves  below  fossiliferous  Champlain  clay.  It  would 
appear,  therefore,  that  the  slumping  occurred  in  the  waters  of  Lake 
Vermont.  Later,  the  waves  of  the  Champlain  Sea  washed  the  hilltop  to 
deposit  the  fossiliferous  beach  gravels.  The  demonstration  here  of  sub¬ 
aqueous  slumping  in  the  lake  waters  opens  up  a  major  vista  for  the  inter¬ 
pretation  of  till-like  deposits  on  hill  slopes  and  in  depressions.  This  is 
doubtless  the  material  encountered  in  test  borings  which  the  engineers 
described  as  “reworked  till,”  because  it  lacked  the  engineering  charac¬ 
teristics  of  fresh  till.  It  might  be  expected  that  Fort  Covington  morainal 
topography  would  be  rough  and  unstable,  and  disposed  to  subaqueous 
slumping.  This  would  be  true  particularly  on  the  slopes  of  the  hills  where 
the  Fort  Covington  til!  drapes  over  the  middle  and  lower  Malone  till 
section.  None  of  the  exposures  showed  the  younger  till  actually  transecting 
the  stratified  bed  between  the  two  Malone  tills  (figure  27). 

Upper  Malone  Drift,  Its  Character  and  Origin 

The  Upper  Malone  drift,  or  middle  till  complex,  as  it  has  been  described 
in  the  field,  is  widely  exposed  in  the  seaway  and  power  project  excava¬ 
tions.  It  is  composed  of  a  suite  of  sediments  which  include  ( 1 )  layers  of 
sand  and  gravel,  (2)  layers  of  silt,  (3)  layers  of  varved  silt  and  clay,  and 
(4)  layers  of  till  as  well  as  flattish  masses  of  till.  In  many  of  the  exposures 
it  displays  major  horizontal  stratification,  which  can  be  traced  continu¬ 
ously  for  100  yards  or  more  along  an  exposed  face  of  the  excavation 
(figure  28a).  Fabric  analyses  made  in  the  layers  of  till  show  them  to 
have  been  emplaced  from  the  northeast.  Much  of  this  till  exhibits  a  crude 
horizontality  called  by  Flint  (1957,  p.  113)  “roughly  horizontal  fissility.” 
It  is  most  obvious  on  water-washed  surfaces  where  it  stands  out  in  bas- 
relief.  Similar  structure  in  tills  of  Finland  are  described  by  Virkkala 
(1952),  and  attributed  to  deposition  directly  by  ice  that  was  layered  into 
drift-filled  laminae,  separated  by  beds  of  pure  ice.  This  kind  of  structure 
in  glacial  ice  has  been  described  by  many  observers.  When  the  lower 
drift-rich  ice  layers  lost  their  plasticity  by  the  concentration  of  drift  in 
the  basal  glacier  ice,  and  consequently  their  ability  to  move,  they  caused 
deposition  of  till.  Overriding,  drift-bearing,  moving  ice  doubtless  shoved 
forward  underlying  material,  with  more  or  less  distortion.  The  major 
stratifications  of  sand,  gravel,  and  silt  between  layers  show  the  deposit 
to  be  subaqueous  in  origin.  The  presence  of  varved  clays  shows  it  to  have 
been  deposited  in  fresh  water.  Because  of  these  phenomeim,  the  Upper 
Malone  drift  (middle  till  complex)  is  thought  to  be  the  product  of 
oscillatory  waning  of  Malone  ice  while  standing  in  waters  of  an  ice- 
dammed  lake. 
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Another  origin  is  proposed  by  Harrison  (1957  and  personal  discus¬ 
sion).  He  demonstrated  that  till  fabric  was  produced  within  the  flowing 
glacier,  and  very  slowly  let  down  when  the  ice  stagnated  and  gradually 
melted  out  of  the  debris.  If  this  be  the  mechanism  of  till-fabric  genesis, 
there  is  no  reason  why  stratification  within  an  active  glacier  could  not 
be  let  down  on  to  the  glacier  floor  the  same  way.  Figure  28b  shows  a 
vertical  edge  of  the  Greenland  Glacier  east  of  Thule,  Greenland.  If  this 
ice  should  stagnate  and  slowly  melt  away,  it  might  produce  the  structure 
seen  in  the  middle  till  complex,  for  the  till  masses  lie  between  obviously 
lacustrine  and  outwash  layers. 

Barnhart  Island  Powerhouse.  This  excavation  cut  down  through 
drift  to  bedrock,  exposing  striae  trending  S  70°W,  On  bedrock  lies  dense 
Malone  till,  containing  irregular  and  crumpled  masses  of  varved  clay, 
some  layers  and  zones  of  which  are  smooth  and  fatty  (figure  29).  The 
till  fabric  shows  origin  from  the  northeast.  A  thin  gravel  layer  inter¬ 
venes  between  the  lower  and  middle  tills,  and  another  between  the  middle 
and  upper  tills.  Above  the  upper  till  lies  5  feet  of  sand  and  gravel,  below 
15  feet  of  varved  clays.  In  1954,  the  upper  till  and  varves  were  displayed 
for  study.  By  1955,  the  excavation  had  removed  them  and  had  displayed 
a  50-foot  section  of  stratified  sands  and  silts  with  masses  of  bouldery 
till-like  material.  Fabric  analysis  of  this  material  showed  random  orienta¬ 
tion  (Appendix  I-BBB).  It  is  therefore  inferred  that  this  slump  material 
was  derived  from  Fort  Covington  till  farther  up  the  hill,  as  seen  in  the 
switching  yard  excavation  (Appendix  I-AAA). 

Forebay  Dike  Borrow  Pit.  On  the  north  side  of  Barnhart  Island, 
1  mile  northwest  of  the  powerhouse,  a  borrow  pit  was  dug  to  supply 
material  for  the  dike.  This  excavation  showed  2  or  3  feet  of  loose  buff 
till,  containing  large  boulders,  which  lies  on  very  dense,  tough,  till  about 
25  feet  thick.  A  till-fabric  analysis  shows  this  lower  till  to  be  from  the 
northeast  and  hence  to  be  Malone  till  (Appendix  I-PP).  The  upper  thin 
layer  is  doubtless  the  Fort  Covington  till.  At  the  time  of  a  visit  in  1956, 
this  upper  till  had  been  largely  stripped  away  and  discarded  as  unsuitable 
for  dike  construction.  In  the  northwest  corner  of  the  excavation,  about 
40  feet  of  loose  material  (somewhat  like  till  but  showing  crude  and 
undisturbed  bedding)  is  interpreted  as  slumped  material. 

Long  Sault  Dam,  South  Abutment.  During  the  summer  of  1955, 
this  excavation  was  open  to  study.  The  cut  exposed  about  100  feet  of 
till  down  to  bedrock,  with  striae  N  60°E.  Tension  and  shear-cracks  show 
ice  moving  to  the  southwest.  Lying  on  the  bedrock  is  dense,  compact,  till 
about  20  feet  thick,  which  has  fabric  orientation  also  from  the  northeast 
(Appendix  I-QQ).  This  till  is  so  dense  that  during  test  boring  the 
engineers  have  been  able  to  extract  drill  cores  of  the  material.  At  the 
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top  of  this  lower  till  is  a  zone  about  10  feet  thick  in  which  silt  and  clay 
are  intimately  mixed,  with  masses  of  varved  silt  and  clay  infolded,  and 
carried  up  into  overlying  till.  So  intricate  is  the  involvement  that  this 
zone  was  impossible  to  map.  Some  masses  of  the  involved  silt  and  clay 
still  show  varved  layers.  This  phenomenon  shows  a  proglacial  lake  deposit 
overrun  by  glacial  readvance.  Some  specimens  of  the  varved  material  are 
sheared,  compressed,  and  virtually  “schistose”  in  appearance.  The  top 
of  the  clayey  zone  contains  layers  of  till,  with  fabric  again  showing 
movement  from  the  northeast  (Appendix  I-MM).  Till  at  the  top  of  the 
excavation  is  oxidized  to  a  depth  of  about  20  feet,  but  at  a  depth  of  10 
feet  below  the  ground  surface  the  oxidized  till  still  has  fabric  showing 
emplacement  from  the  northeast  (Appendix  I-SS) .  It  is  inferred  that  the 
entire  exposure  is  Malone  till,  and  that  the  Fort  Covington  till  was  so 
thin  that  it  was  removed  during  the  wave-washing  that  produced  the 
fossiliferous,  winnowed,  till  beach  ridge,  which  now  caps  this  hill  of 
the  excavation.  Northwest  fabric  shows  the  south  slope  of  the  hill  to 
be  covered  with  Fort  Covington  till. 

Cut  ‘‘F.”  Cut  F  was  an  excavation  through  Long  Sault  Island,  ll/o 
miles  west  of  the  Long  Sault  Dam  abutment.  This  cut  was  about  %  mile 
long,  about  600  to  800  feet  wide,  and  70  to  90  feet  deep  through  till  to 
bedrock  (figure  30).  The  river  was  diverted  through  here  while  the 
Long  Sault  Dam  was  being  completed  in  1956.  Bedrock  was  bare  over 
extensive  areas  and  striated  N  60 °E.  Lying  on  the  bedrock  is  dense  till 
with  fabric  from  the  northeast  (Appendix  I-TT).  About  20  feet  up 
occurs  a  horizontal  zone  of  sand,  silt,  and  gravel  containing  8-10  feet  of 
varved  silts  and  clays.  Above  this  stratified  zone,  another  layer  of  till 
about  20  feet  thick  is  seen.  Above  this  latter  till  occurs  a  major  zone  of 
stratified  drift,  in  turn  overlain  by  an  upper  till  30  to  40  feet  thick.  This 
upper  till  is  oxidized  to  a  depth  of  about  18  feet.  Till  fabric  in  both  the 
oxidized  and  the  unoxidized  parts  of  this  upper  till  shows  it  to  have  come 
from  the  northwest  (Appendix  I-CCC,  DDD) .  This  upper  till,  therefore,  is 
correlated  as  Fort  Covington,  and  the  two  lower  till  masses  are  Malone. 

Power  Canal  Intake.  An  excavation  for  the  intake  works  of  the 
Massena  power  canal  exposed  a  deep  section  of  drift  down  to  bedrock. 
Extensive  patches  of  striae  on  bedrock  trend  S  60°W  (figure  31).  Lying 
on  the  bedrock  is  30  feet  of  very  dense  basal  till,  above  which  is  a  40-50 
foot  zone  of  stratified,  subaqueous,  till  lake  sediments  and  fluvioglacial 
drift  in  complexly  disturbed  bedding.  About  the  middle  of  the  exposure, 
a  till-fabric  study  (Appendix  I-CCC)  shows  it  to  have  come  from  the 
northeast.  The  lower  and  middle  drifts  are,  therefore,  correlated  with 
Malone  till.  Above  a  sand,  gravel,  and  silt  zone  occurs  30  or  40  feet  of 
upper  till,  with  fabric  showing  its  origin  from  the  northwest  (Appendix 
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I-PP).  At  the  southeast  base  of  the  hill,  marine  fossiliferous  clay  lies 
on  6  feet  of  varves  on  till.  The  canal  intake  excavation  cuts  through  one 
of  the  major  northeast-southwest  drift  hills.  The  core  of  the  hill  is 
found  to  be  of  Malone  drift,  but  the  surface  is  Fort  Covington  drift, 

which  drapes  down  into  the  lowlands  on  either  side  (Appendix  I-EEE). 

Long  Sank  Rapids 

Construction  of  the  Long  Sault  Dam  as  part  of  the  St.  Lawrence  River 
power  project  involved  blocking  off  by  cofferdams  and  pumping  dry 
the  Long  Sault  Rapids  (figure  32).  This  exposed  the  bed  of  these  spec- 


Figure  31.  Striae  oriented  S  62  °W,  power  canal  intake 

Photograph  by  W.  Thompson,  N.  Y.  S.  Power  Authority 
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Figure  32.  Air  photo  stereo  pairs  showing  Long  Saiilt  Rapids  blocked  off  by  cofferdams  during  construction 
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tacular  rapids,  and  revealed  the  cause  for  the  great  standing  waves  which 
so  impressed  the  early  French  explorers  and  gave  rise  to  the  name  Fong 
Sault  or  “long  leap”  rapids.  The  discharge  through  the  rapids  averaged 
220.000  cubic  feet  per  second,  descending  33  feet  in  H.OOO  feet  or  22 


Figure  336.  Upside-down  pothole  in  inverted  slab.  Long  Sanlt 
Rapids 
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feet  per  mile.  The  current  was  measured  at  two  places  at  10.0  mph  and 
one  place  at  11,5  mph.  The  floor  consists  of  limestone,  with  thin  partings 
of  shale,  dipping  very  gently  downstream  (south-eastward).  The  bed  is 
covered  on  the  inside  of  the  bend  with  coarse  gravel  and  boulder-bar 
material,  but  where  the  main  current  had  been,  the  limestone  is  either 
bare  or  is  strewn  with  large  slabs  of  limestone  evidently  picked  up  by 
the  torrent  and  moved  downstream  to  their  present  places.  Many  of 
them  measure  10  by  15  by  3  feet.  The  majority  of  these  slabs  now  rest 
in  a  position  dipping  upstream  at  an  angle  of  30°  or  more  (figure  33a) . 
Some  of  them  are  caught  in  joint  cracks  in  the  bedrock,  others  rest  on 
each  other,  and  still  others  lie  on  rounded  boulders  and  cobbles.  Those 
wedged  into  cracks  in  bedrock  may  dip  50°  or  60°,  but  the  measurement 
of  56  of  these  slabs  gave  an  average  dip  of  36°.  They  produce  a 
shingled  arrangement  dipping  upstream.  Cross-bedding  on  the  edges  of 
the  slabs,  as  well  as  potholes  projecting  upward  on  what  is  now  the 
bottom,  show  that  many  of  the  slabs  have  been  flipped  over  and  now 
rest  upside  down  (figure  33b).  It  is  obviously  these  slabs  which  pro¬ 
duced  the  great  waves  of  the  rapids.  To  confirm  this  conclusion,  the  air 
photo  of  the  original  rapids  was  compared  with  the  air  photo  of  the  dry 
river  bed.  After  the  two  photos  were  brought  to  the  same  scale,  the 
“white  water”  on  the  rapids  was  circled  on  tracing  paper,  which  was 
then  superimposed  on  the  photograph  of  the  bed.  The  coincidence  was 
entirely  convincing.  On  the  inside  of  the  bend,  in  what  had  been  shallower 
water,  many  large  glacial  boulders  each  produced  a  patch  of  “white 
water.”  The  gravel  bar  part  of  the  bed  exhibits  longitudinal  bars  and 
depressions,  with  relief  of  8  to  10  feet.  At  its  downstream  end,  however, 
are  found  seven  large  transverse  depressions  about  50  by  100  feet  and 
10  feet  deep.  These  depressions  are  also  coincident  with  “white  water” 
on  the  photo  of  the  rapids. 

On  the  outside  of  the  bend,  erosion  produced  a  subaqueous  terrace 
projecting  out  about  100  feet  from  the  Sheek  Island  shore  and  submerged 
by  about  8-10  feet  of  water.  It  is  composed  of  dense  till,  tightly  armored 
with  a  layer  of  boulders  on  top  and  front.  The  boulders  range  up  to  4  or 
5  feet  in  diameter.  It  was  obviously  this  boulder  armor  which  protected  ; 
the  shore  from  erosion.  Till  fabric  of  the  dense  blue  till  of  this  terrace  I 
has  a  strong  maximum  from  the  northeast,  showing  it  to  be  Malone  till,  j 

On  the  southwest  bank,  on  the  inside  of  the  bend,  till  was  also  H 
encountered.  At  water  level,  and  below,  the  till  fabric  from  the  northeast 
shows  it  to  be  Malone  till,  whereas  the  upper  part  of  the  bluff  and  hills 
has  a  northwest  fabric  and  is  therefore  Fort  Covington  till.  At  cofferdam 
“E”  borrow  pit,  on  the  north  slope  of  the  Long  Sault  Island,  6  to  8  feet 
of  Lake  Fort  Ann  varved  clays  lie  on  Fort  Covington  till.  These  varved 
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clays  descend  the  slope  of  the  till  and  occur  as  a  5-foot-thick  deposit, 
whose  top  is  at  least  6  feet  below  the  old  river  level.  They  must  have 
been  in  a  protected  cove  along  the  bank  of  the  river. 

These  observations  show  that  the  river  followed  a  “first  order”  north¬ 
east-southwest  depression,  and  then  turned  to  follow  a  “second  order” 
depression  across  the  west  end  of  Barnhart  Island.  The  river  easily  cleared 
out  the  lake  varves,  the  marine  clay,  and  the  soft  Fort  Covington  till. 
It  then  cut  through  the  Malone  till  in  its  main  channel  down  to  bedrock, 
and  left  patches  of  this  tough  till  as  boulder-armored  subaqueous  terraces 
along  the  sides  of  the  main  current. 

Potsdam  Quadrangle 

The  Potsdam  quadrangle,  lying  south  of  the  Massena  quadrangle, 
slopes  from  the  Adirondack  Precambrian  upland  standing  over  1,000 
feet  in  altitude  in  the  southern  half  of  the  quadrangle,  to  the  drive- 
covered  Paleozoic  Lowland  at  400  feet  in  the  north.  The  Precambrian 
upland  is  covered  with  thin  discontinuous  drift,  with  kame  terraces  in 
many  of  the  valleys.  The  lowland  exhibits  the  characteristic  northeast- 
to-southwest  trending  till  ridges  of  the  Fort  Covington  Moraine.  This 
moraine,  as  elsewhere,  has  been  washed  by  Champlain  Sea  waves  which 
subdued  it  and  littered  its  higher  parts  with  winnowed  till,  and  beach 
ridges  filled  its  lowlands  with  clay,  silt,  and  sand,  A  lobe  of  this  ice 
projected  south  into  Raquette  River  Lowland  to  deposit  the  end  moraine 
topography  as  far  as  West  Parishville  and  the  large  kame  field  from 
Stafford  Corners  to  Brown’s  Bridge. 

South  of  the  margin  of  the  Fort  Covington  drift,  and  east  of  the 
Raquette  River,  Malone  till  is  exposed  in  roadcuts  at  the  following 
localities : 

1.  1  mile  east  of  West  Parishville 

2.  Hayes  School,  1  mile  east  of  West  Stockholm 

3.  1/4  mile  east  of  Buckton 

4.  3%  miles  northeast  of  Parishville 

5.  Allen  Falls 

6.  At  western  edge  of  quadrangle,  3  miles  southwest  of  Colton 

These  ail  show  the  typical  red-brown  color  of  the  Malone  till.  Two  of 

them — 3  and  4 — where  till-fabric  studies  were  made  (Appendix  TE), 
show  emplacement  from  the  northeast.  This  drift  is  leached  to  a  depth 
of  54^  feet.  The  two  major  kame  fields  associated  with  this  drift  sheet, 
south  and  southwest  of  Parishville  are  leached  to  a  depth  of  6  feet. 

Major  pebbly  sand  shore  line  deposits  are  found  in  the  central  and 
northern  part  of  the  quadrangle.  As  mapped  by  Reed  (1934)  after 
Fairchild  (1919),  a  sandy  shore  terrace,  with  flattish  top  at  900-920 
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foot  elevation,  trends  northeast-southwest  through  Parishville  where  the 
West  Branch  St.  Regis  River  built  a  considerable  delta,  to  Colton  where 
the  Raquette  River  likewise  built  a  deltaic  mass  of  sandy  material  with 
top  at  920  feet.  Both  delta  masses  are  now  deeply  trenched  by  the  rivers 
and  dissected  by  tributaries.  One  of  the  most  striking  phenomena  is  that 
the  Raquette  River  Delta,  2  miles  south  of  Colton,  is  extensively  pitted 
with  ice-block  depressions.  Fairchild  attributed  this  900  foot  shore  line 
to  his  Lake  Iroquois.  Lower  deposits  of  sandy  material  occur  along  the 
rivers.  Along  the  Raquette  River  in  the  vicinity  of  Hannawa  Falls  an 
extensive  flat-topped  deposit  slopes  gently  northward  from  about  575 
feet  near  Brown’s  Bridge  down  to  about  540  feet  li/o  miles  north  of 
Hannawa  Falls,  where  it  drops  in  a  steep  “delta  front”  down  to  about 
480  feet.  The  deltaic  deposits  at  about  575  feet  may  belong  to  the 
Champlain  Sea. 

IFaddington  Quadrangle 

The  Waddington  quadrangle,  which  lies  west  of  the  Massena  quad¬ 
rangle,  is  likewise  a  low-lying  area  of  northeast-southwest  mounds  of 
till,  separated  by  Hat  lowlands  containing  clay  capped  with  sand.  Grass 


Figure  34.  Higliway  on  esker,  2^  miles  south  of  Crary  Mills,  Canton 
(jiiadrangle 


Photograph  by  J.  Heller 
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River  traverses  the  center  of  the  quadrangle  and  Sucker,  Brady,  and 
Coles  Brooks  drain  the  northwestern  part  into  the  St.  Lawrence,  which 
flows  northeast  across  the  upper  part.  Like  the  Massena  area,  this  one 
has  been  washed  by  Champlain  Sea  waves  and  littered  with  fossiliferous 
winnowed  till  on  crests  of  most  of  the  hills.  Such  boulder-strewn  beaches 
are  strikingly  developed  a  mile  northeast  and  a  mile  south  of  Louisville, 
a  mile  northeast  of  Chase  Mills  at  Madrid,  and  a  mile  northeast  of 
Madrid,  The  clay  in  the  lowlands  is  found  to  contain  fossils  at  3  miles 
south-southeast  of  Waddington  and  21/2  miles  northeast  of  Waddington, 
along  the  banks  of  the  St.  Lawrence  River.  The  silty  clay  of  the  lowlands, 
as  mentioned  before,  is  mantled  with  a  few  feet  of  fine  sand.  This  sand 
has  been  blown  into  dune  areas,  some  of  which  are  a  mile  or  so  in 
extent,  such  as  seen  south  of  Chase  Mills  and  east  of  Chamberlain,  It  is 
therefore  inferred  that  Malone  till  covers  the  Waddington  area,  and  is 
overlain  by  Fort  Covington  till.  This  latter  has  been  washed  by  Lake 
Vermont  waters  and  subsequently  by  Champlain  Sea, 

The  valley  of  Coles  Creek,  3^  miles  east  of  Waddington,  is  too  large 
and  swampy  to  have  been  cut  by  the  present  insignificant  trickle  of 
water.  Likewise  it  is  partly  blocked  by  alluvial  fans  deposited  at  the 
mouths  of  tributary  gullies.  These  phenomena  are  compatible  with  the 
hypothesis  that  this  was  the  former  course  of  Grass  River,  before  diver¬ 
sion  by  uplift  or  capture  toward  the  east. 

Canton  Quadrangle 

The  southern  part  of  Canton  quadrangle  lies  in  the  Adirondack  Pre- 
cambrian  upland  plateau  rising  in  altitude  from  600  or  700  feet  up  to 
1,200  feet,  and  gently  dissected  by  preglacial  Grass  River  and  its  tribu¬ 
taries  into  mature  rolling  upland,  with  the  main  stream  in  a  300-foot-deep 
valley.  The  northern  half  of  the  Canton  quadrangle  lies  in  the  St. 
Lawrence  Lowland,  where  virtually  horizontal  Paleozoic  rocks  have 
insignificant  relief  below  the  mantle  of  the  glacial  drift. 

Boundary  of  Fort  Covington  Drift 

The  line  between  Paleozoic  and  Precambrian  bedrock  approximately 
coincides  with  a  line  of  distinction  between  the  two  types  of  till.  To  the 
south  of  this  line,  the  till  has  the  distinctive  red-brown  color  and  its  till 
fabric  shows  it  to  have  been  emplaced  from  the  northeast.  A  good 
exposure  of  the  red-brown  till  is  seen  in  the  roadcut  3  miles  southeast  of 
Canton  (Appendix  I-D).  The  cut  exposes  15  feet  of  dense  silty  till  with 
characteristic  red-brown  color.  It  is  leached  of  lime  to  a  depth  of  4-41/2 
feet.  A  second  good  exposure  of  the  red-brown  till  is  seen  at  Brick 
Chapel,  ^2  iride  to  the  east.  A  third  occurrence  lies  south  and  southeast 


98 


NEW  YORK  STATE  MUSEUM  AND  SCIENCE  SERVICE 


of  Pierrepont  at  the  southeast  edge  of  the  map,  along  the  new  road  to 
Colton;  also,  half  a  mile  north  of  Beach  Plains  Church,  red-brown  till 
is  seen  in  the  roadcuts. 

To  the  north  of  the  boundary  of  the  Fort  Covington  till,  the  till  is 
slate-gray,  weathering  to  buff,  and  the  till-fabric  analysis  shows  it  to 
have  come  to  its  present  location  from  the  northwest. 

Striae 

On  the  northeastern  outskirts  of  Canton,  on  both  sides  of  Judson  Street, 
ice-scoured  and  rounded  outcrops  of  granite  gneiss  show,  by  striae  and 
rows  of  both  parabolic  tension  cracks  and  lunar  shear-cracks  (friction 
cracks  of  Harris,  1943)  that  ice  came  first  from  the  northeast  and  later 
from  the  northwest.  Similar  relations  were  described  earlier,  as  seen  on 
limestone  in  the  quarry  at  Norfolk,  15  miles  northeast  of  Canton,  where 
20  feet  of  gray-buff  till  overburden  have  been  stripped  in  the  quarry 
operation.  Here,  N  20°W  striae  descend  into  and  across  N  65°E  glacial 
grooves.  Till  fabric  of  the  buff  till,  as  measured  in  the  exposure  at  the 
southeast  edge  of  the  campus  at  St.  Lawrence  University  in  Canton, 
shows  emplacement  from  the  northwest  (Appendix  I-U).  The  till  here 
is  leached  to  a  depth  of  2  feet.  A  second  good  exposure  was  seen  in  1955 
in  a  warehouse  foundation  excavation  2  miles  west  of  Potsdam,  near  the 
edge  of  the  Canton  map  (Appendix  I-L).  The  Fort  Covington  gray-buff 
till  in  the  northern  part  of  the  Canton  quadrangle  occurs  in  roughly 
northeast-southwest  ridges,  each  about  1  to  3  miles  in  length  and  a  mile 
or  so  in  width.  The  original  morainal  topography,  as  left  by  the  Fort 
Covington  ice,  has  been  greatly  subdued  or  completely  destroyed  by  the 
wave  work  of  the  Champlain  Sea,  as  seen  in  the  deposits  of  winnowed 
till  which  surmount  most  of  the  higher  till  ridges  in  the  northern  half  of 
the  quadrangle.  This  winnowed  till,  as  has  been  said,  is  composed  of  the 
coarser  stones,  pebbles,  and  sand  of  the  till  after  the  clay,  silt,  and  fine 
sand  fractions  have  been  removed  by  wave  action  and  washed  down  into 
the  lowlands.  In  the  northern  part  of  the  quadrangle,  fossil  shells  of 
Hiatella  and  Macoma  have  been  found  in  three  gravel  pits  in  the  win¬ 
nowed  till :  ( 1 )  2  miles  north  of  West  Potsdam,  altitude  380-400  feet ; 
(2)3  miles  west  of  Norwood,  altitude  340  feet;  (3)  21/0  miles  southwest 
of  Norwood,  altitude  380  feet. 

Esker  I 

A  ridge  of  gravel  21/4  miles  northeast  of  Canton  is  about  30  feet  high  , 
and  l/j^  mile  long.  It  trends  N  40 °W,  is  composed  of  mounds  of  gravel,  and  i 
occupies  the  axis  of  a  gentle  north-south  depression  between  two  hills  of  j 
till.  Since  it  is  associated  closely  with  the  buff  till  of  the  Fort  Covington  i 
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drift,  it  seems  best  to  map  it  as  a  small  eskerine  ridge  modified  by 
Champlain  Sea  waves.  Chadwick  (1920)  also  describes  an  esker  ly^ 
miles  southwest  of  Crary  Mills  (figure  34),  which  lies  along  Boyden 
Brook  and  across  the  Fort  Covington  Moraine, 

Beach  Ridges 

Four  smaller  hills  that  surmount  the  large  northeast-southwest  ridge 
of  till  a  mile  east  of  Morley  are  composed  of  winnowed  till.  As  seen  on 
the  floor  of  the  gravel  pit  northeast  of  Morley,  this  winnowed  till,  about 
10  feet  thick,  lies  on  fairly  dense  buff  till.  The  winnowed  till  blanket  has 
been  heaped  into  northeast-southwest  beach  ridges  5  to  10  feet  high, 
parallel  with  the  main  ridge,  and  makes  a  descending  flight  of  small 
parallel  ridges  down  the  northern  flank  of  the  main  hill.  The  winnowed 
till  beach  ridges  at  the  northeast  end  of  the  main  ridge  are  likewise 
oriented  northeast,  whereas  the  ridges  at  the  southwest  end  of  the  main 
ridge  are  oriented  north-south,  and  may  be  spits  or  hooks  of  the  ancient 
shore.  The  altitude  of  the  beach  ridges  descends  from  about  420  feet 
down  to  about  360.  Even  though  the  highest  marine  shells  in  the  Canton 
quadrangle,  as  previously  mentioned,  were  seen  in  the  gravel  pit  2  miles 
south  of  Norwood  at  altitude  380  feet,  the  ridges  are  all  attributed  to  the 
Champlain  Sea,  and  the  descending  sequence  of  these  beach  ridges  shows 
that  they  were  formed  as  the  hills  progressively  emerged  from  the  sea. 

The  middle  and  lower  slopes  of  the  large  northeast-southwest  hills 
display  only  till.  It  is  a  washed-off  surface,  here  and  there  littered  with 
boulders,  across  which  the  finer  material  has  been  swept  from  the  hilltops 
into  the  lowlands.  In  the  army  engineer  test  borings  at  Richards  Landing, 
the  presence  of  a  6-inch  layer  of  gravel  in  the  clay  sequence  suggests  the 
presence  of  turbidity  currents  moving  into  the  basins  of  the  muddy 
Champlain  Sea  floor. 

Topographic  Expression  of  the  Till  of  the  Canton  Area 

The  “washed-off  till,”  as  previously  described,  shows  a  surface  which 
is  entirely  till,  with  boulders  lying  on  top,  so  that  an  auger  hole  put  down 
between  the  boulders  encounters  till  at  a  few  inches  below  the  sod.  The 
topography  may  still  show  semblance  of  roundish  mounds  and  hollows 
as  remnants  of  morainal  topography. 

The  winnowed  til!  or  “washed-out”  till,  also  may  have  boulders  scat¬ 
tered  on  the  surface,  but  the  auger  does  not  reach  til!  between  the 
boulders,  only  sandy  stony  materia!  virtually  impossible  to  drill  into. 
The  microterrain  on  the  surface,  furthermore,  is  made  of  low,  elongate, 
parallel  ridges  a  few  feet  high  by  several  hundred  feet  long  and  parallel 
to  the  trend  of  the  main  hill.  Where  excavations  have  been  made  to 
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obtain  gravel  for  the  local  roads,  it  is  seen  that  the  blanket  of  winnowed 
or  “washed-out”  till  forms  a  cap  on  the  hilltops  and  has  been  piled  into 
beach  ridges  or  storm  beaches.  So  characteristic  are  these  beach  ridges 
that  they  have  been  used  as  a  diagnostic  criterion  in  mapping  the  areas 
of  winnowed  till. 

Fossil  shells  are  also  found  in  the  silty  clay  deposits  of  the  lowlands. 

A  mile  north  of  West  Potsdam,  a  roadcut  in  the  low  terrace  of  Trout 
Brook  shows  fossils  in  the  silty  clay  and  in  sand  at  elevation  of  340  feet. 
Both  Hiatella  and  Macoma  are  present.  Half  a  mile  north  of  Bucks  Bridge, 
in  the  terrace  along  Line  Creek  at  an  altitude  of  about  300  feet,  the 
rivercut  in  the  terrace  exposes  about  20  feet  of  silty  clay.  Macoma  shells 
occur  in  abundance  in  the  upper  part,  whereas  only  the  impressions  of 
large  Unio  shells  were  found  in  the  lower  3  or  4  feet.  This  suggests  that 
fresh-water  conditions  preceded  marine-water  environment.  The  same 
conclusion  comes  from  two  other  exposures  in  the  Canton  area:  (1) 

1  mile  northwest  of  Canton  a  borrow  pit  in  the  lowland  terrace  exposes 
this  sequence :  4  feet  of  sand,  on  8  feet  of  structureless  clay,  on  2  feet  of 
varved  silt  and  clay,  on  buff  till  (the  varved  clay  is  from  a  fresh-water 
lake,  and  the  structureless  clay  is  marine)  ;  (2)  at  the  junction  of  Grannis 
Brook  and  Boyden  Brook  414  miles  east  of  Canton,  12  feet  of  fresh-water 
varved  clay  lie  on  buff  till  and  below  about  10  feet  of  structureless  gray 
clay  capped  with  a  few  feet  of  sand.  The  sporadic  distribution  here  of 
the  clays  along  the  valley  sides  shows  that  the  valley  of  Boyden  Brook 
was  a  depression  in  the  drift,  as  left  by  the  Fort  Covington  Glacier,  and 
was  partly  filled  by  lake  sediments  capped  by  marine,  silty  clay  and  sand. 
Subsequently,  these  latter  two  sediments  were  eroded  out  by  the  streams, 
leaving  the  clays  here  and  there  along  the  valley  sides,  which  are  elsewhere 
composed  of  till.  Throughout  the  whole  St.  Lawrence  Lowland,  clay  and  I 
silt  deposited  in  the  lower  places  in  the  glacial  drift  topography  have  j 
been  subsequently  trenched,  and  in  places  removed,  by  fluvial  erosion,  j 
Mapping  has  revealed  only  a  generalized  pattern  of  irregular  more  or  ! 
less  connected  clay  and  silt-floored  lowlands,  among  roughly  northeast-  ' 
southwest  ridges  of  till.  Many  exposures  of  bedrock  show  that  the  till  , 
is  not  very  thick,  and  that  it  occurs  mostly  as  mounds  which  rise  40  to  60  i 
feet  and  a  few  to  as  much  as  100  feet  above  the  surroundings.  ‘ 

Shore  Lines  ’ 

Within  the  area  of  the  Canton  quadrangle,  several  flat-topped  areas  j 
of  wave-washed  pebbly  sand  record  shore  lines  of  former  bodies  of  | 
standing  water.  ; 

At  Pyrites,  in  the  southwest  corner  of  the  quadrangle,  lies  a  delta  of  : 
sand  with  top  at  500  feet  in  elevation  deposited  by  the  Grass  River  at 
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this  level.  The  highway  cut  exposes  about  60  feet  of  this  sandy  deposit. 
It  is  fairly  well  stratified  and  dips  gently  to  the  north.  It  is  evidently  the 
deltaic  deposit  built  by  Grass  River  into  a  body  of  standing  water.  When 
this  body  of  water  disappeared,  the  Grass  River  became  superimposed 
in  a  new  valley  on  to  bedrock  and  made  the  present  water  falls  and 
rapids.  At  Boyden  Corners,  Boyden  Brook  has  likewise  deposited  a  flat- 
topped  mass  of  sand  as  a  deltaic  deposit  at  500^  feet  altitude.  Grannis 
Brook  near  Crary  Mills,  and  Little  River,  just  north  of  North  Russell, 
have  deposited  similar  masses  of  sand.  This  shore  line,  at  about  500  feet, 
correlates  with  the  Champlain  marine  shore  line  eastward  as  far  as 
Covey  Hill,  where  it  stands  at  525  feet  elevation.  The  pebbly  sand  patch 
at  Beach  Plains  Church  has  been  assigned  to  the  waters  of  Lake  Iroquois 
by  former  writers. 

Chadwick  (1920)  correctly  ascribed  to  the  Champlain  Sea  the  beaches 
on  the  hills  about  Norwood,  north  of  West  Potsdam,  and  east  of  Morley, 
and  on  Morley  Ridge.  As  found  in  the  present  survey,  winnowed  till  caps 
Norwood  Hill  at  400  feet  altitude  and  hills  north  of  West  Potsdam  at 
400-420  feet,  east  of  Morley  at  420-440  feet  and  Morley  Ridge  summit  at 
400-420  feet.  Many  other  deposits  of  winnowed  till  blanket  the  tops  of 
till  hills  in  the  northern  half  of  the  quadrangle.  As  mentioned  earlier, 
marine  shells  are  found  in  this  winnowed  till  to  altitudes  of  380-400  feet, 
41/4  miles  southwest  of  Norwood,  and  380  feet,  214  irides  south-southwest 
of  Norwood.  These  altitudes  supply  a  minimum  figure  for  marine  de¬ 
posits.  Inasmuch  as  Macoma  and  Hiatella  occur  in  sea  water  from  a  few 
to  more  than  a  hundred  feet  deep,  they  do  not  tell  us  conclusively  what 
the  maximum  sea  level  of  the  time  was,  and  therefore  a  500  foot  shore 
line  is  entirely  plausible.  In  fact,  Fairchild  (1919b)  has  published  the 
view  that  the  shore  line  at  500  feet  on  the  Canton  sheet  is  that  of  Gilbert 
Gulf  of  the  Champlain  Sea.  A  striking  strand  line  with  sea  clilT  occurs 
just  south  of  the  Canton  quadrangle  on  the  Russell  quadrangle,  and  will 
here  be  described. 

The  northeast-southwest  ridge  of  gravel  2  miles  northeast  of  Crary 
Mills  may  be  a  beach  ridge,  but  the  altitude  of  580  feet  at  its  summit 
and  the  coarseness  of  its  material  suggest  that  it  is  more  probably  a 
frontal  kame  deposit. 

Russell  Quadrangle 

The  Russell  quadrangle  adjoins  the  Canton  quadrangle  at  the  south. 
It  lies  south  of  the  border  of  the  Fort  Covington  drift  sheet,  and  is  an 
upland  area  of  Precambrian  rocks  with  -a  gently  rolling  surface,  around 
800  feet  at  the  north  rising  to  1,500  feet  at  the  south,  and  cut  by  Grass 
River  drainage  in  300-foot-deep  valleys.  It  has  been  strongly  glaciated, 
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which  (1)  rounded  and  smoothed  bedrock  outcrops;  (2)  littered  the 
area  with  boulders  and  thin  drift;  (3)  deposited  three  areas  of  red-brown 
Malone  till;  and  (4)  accumulated  kame  terraces  in  the  major  valleys 
during  deglaciation  (figure  35). 

Malone  Till 

Striae  in  many  places  trend  S  10°E  to  S  10°W.  Till  fabric  shows  a 
northeast  maximum.  The  areas  of  red-brown  Malone  till  are  in  the  north¬ 
ern  part  of  the  quadrangle.  One  lies  just  east  of  Hermon,  and  is  about 
1  mile  wide  east  and  west  by  about  3  miles  north  and  south.  Good 
exposures  of  this  till  are  seen  (1)  at  the  northwest  end  of  this  patch  in 
a  borrow  pit  excavated  into  the  steep  face  of  the  hill,  miles  northeast 
of  Hermon ;  ( 2 )  along  a  roadcut  a  mile  southeast  of  Hermon,  where  the 
till  fabric  maximum  is  from  the  northeast  (Appendix  I-F)  and  leaching 
is  514  feet  deep;  and  (3)  along  the  road  l/o  mile  northwest  of  Hermon 
at  elevation  420.  A  second  and  larger  tract  about  2  miles  square  occupies 
the  Hattish  upland  in  the  north  center  of  the  Russell  quadrangle,  3  miles 
east  of  Hermon  and  3  miles  north  of  Russell.  It  is  also  composed  of 
calcareous  till  leached  to  a  depth  of  5  to  6  feet,  and  has  till  fabric  showing 


Figure  35.  Kame  terrace  in  Plumb  Brook  Valley  at  South  Russell, 
Russell  quadrangle 


Photograph  by  J.  Heller 
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orientation  from  the  northeast.  The  third  patch  of  Malone  till  forms  the 
flat  upland  tract  at  the  western  end  of  Hamilton  Hill,  2  miles  southwest 
of  Russell.  No  exposure  was  found  deep  enough  to  test  its  depth  of 
leaching  or  till  fabric,  but  because  it  is  red-brown  in  color,  it  probably 
belongs  to  the  same  till  sheet  as  the  others. 

Kame  Terraces 

Kame  terraces  lie  along  the  flanks  of  many  valleys.  Along  the  east 
margin  of  Elm  Creek  Valley  extends  a  kame  terrace  and  belt  of  kames. 
It  is  about  1  mile  wide  and  7  miles  long,  from  Stalbird  almost  to  South 
Edwards,  The  gravel  of  this  area  is  dominantly  composed  of  Precambrian 
rocks,  including  abundant  marble  from  the  northwest.  It  is  leached 
cariously  from  2  to  5  or  6  feet  at  different  places. 

The  Russell  quadrangle  contains,  in  addition  to  the  Elm  Creek  kame 
terrace,  several  other  areas  of  kame  terraces:  (1)  An  east-west  kame 
terrace  area  occurs  along  the  north  slope  of  Backus  and  Blanchard  Hill, 
11/2  miles  southeast  of  Russell;  it  measures  %  mile  wide  by  2^  miles 
long.  (2)  Plumb  Brook  Valley  is  flanked  for  31/2  miles  by  kame  terrace 
deposits  of  sand  and  gravel  (figure  35).  This  material  is  leached  of  its 
lime  to  a  depth  of  6  feet,  except  on  steep  slopes  where  erosion  has  kept 
pace  with  leaching.  At  many  places,  the  gravels  of  the  kame  terrace  are 
overlain  by  horizontally  bedded,  lacustrine  lake  sands  and  silts  between 
760  and  800  feet  altitude.  Along  the  highway  I/2  mile  southeast  of 
Whippoorwill  Corners,  varved  silts  and  clays  of  the  lake  episode  are 
folded  by  subaqueous  slumping  as  ice  blocks  melted  out  from  the  kame 
terrace.  This  relationship  shows  that  the  lake  followed  shortly  after  the 
waning  of  the  glacier,  before  ice  blocks  had  melted  out  of  the  kame 
terrace  gravels.  This  lake  therefore  would  be  early  post-Malone  in  age. 

(3)  There  are  several  small  kame  terraces  in  the  neighborhood  of 
Monterey  de  Grasse  leached  to  a  depth  of  6-7  feet,  except  3  feet  at  the 
top  of  a  very  sharp  knoli  %  mile  northwest  of  South  Russell,  and  are 
assigned  to  the  same  episode  of  glaciation  as  the  red-brown  Malone  till. 

(4)  In  the  southwestern  corner  of  the  quadrangle  south  of  Pond  Settle¬ 
ment  lies  a  square  mile  or  more  of  flat-topped,  pitted,  kame  gravel.  Many 
undrained  depressions,  two  of  which  contain  lakes,  attest  to  the  presence 
of  buried  ice  blocks  when  the  feature  was  made.  Leaching  again  varies 
from  only  II/2  feet  at  hilltops  to  3-4  feet  on  flats,  and  suggests  that  it  is 
a  continuation  of  the  Elm  Creek  Moraine  of  Fort  Covington  age.  (5) 
Kame  terraces  occupy  Van  Rensselaer  Valley  in  the  northeast  part  of 
the  quadrangle  near  West  Pierrepont.  The  gravel  is  leached  to  a  depth 
of  6  feet  below  the  flattish  top  of  the  kame  terrace,  and  is  assigned  to 
the  Malone  episode. 
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llermon  Region 

At  Hermon,  Elm  Creek  flows  over  bedrock  in  a  rapid  descent  from 
the  flat  river  bottom,  at  altitude  495  feet,  down  to  the  grade  of  the 
Grass  River  414  miles  to  the  northeast,  at  an  elevation  of  360  feet.  This 
drop  of  135  feet  takes  place  mostly  in  the  northern  part  of  the  village  of 
Hermon.  Upstream  from  Hermon,  the  bottom  of  Elm  Creek  Valley  is 
graded  from  495  feet  at  Hermon  to  580  feet  at  the  south,  a  distance  of 
about  7  miles.  Therefore,  in  the  northern  part  of  Hermon  village  is  a 
major  drop  from  the  graded  condition  to  the  south  into  the  much- 
dissected  valley  lowland  to  the  north.  The  valley  of  Elm  Creek,  north  of 
Hermon,  is  flanked  by  silt  and  sand  fluvially  dissected  into  sharp  gully 
and  hill  topography.  At  first  glance  it  resembles  ice-contact  topography, 
but  there  are  no  stones,  cobbles,  till,  or  gravel,  and  no  undrained 
depressions.  The  whole  slope  is  fluvial  topography;  every  depression 
seen  could  have  been  made  by  flowing  water,  and  every  hill  could  have 
been  left  by  fluvial  cutting  of  the  adjacent  or  surrounding  depressions. 
It  is  apparent  that  the  capacious  valley  depression  north  of  Hermon  was 
once  filled  by  sand  and  silt  up  to  the  500  foot  level,  and  has  been 
excavated  to  its  present  topography  by  fluvial  erosion.  Fairchild  was 
correct  that  Elm  Creek  entered  a  body  of  standing  water  at  500  feet, 
present  elevation.  It  graded  its  valley  above  that  level,  and  filled  the 
lowland  up  to  this  same  level,  i.e.,  500  to  520  feet. 

Two  miles  north-northeast  of  Hermon,  at  elevation  520  feet,  the  north¬ 
west  slope  of  the  large  till  hill  which  rises  at  its  top  to  620  feet  exhibits 
a  well-developed  beach,  consisting  of  a  sea  cliff,  a  boulder,  and  cobble- 
strewn  beach,  and  a  pebbly  sand  shore  terrace.  This  strand  line  is 
horizontal.  The  sea  cliff,  or  bluff,  is  about  60-75  feet  high,  and  is  com¬ 
posed  of  calcareous  red-brown  till  leached  5  feet.  It  is  dissected  by  large 
gullies  about  20  feet  deep  by  200  feet  across,  cut  into  steeply  sloping 
shore  bluff  of  the  ancient  water  body.  These  gullies  end  completely  at 
the  old  strand  line,  without  any  alluvial  fans  at  their  lower  ends,  where 
there  is  just  a  horizontal  terracelike  shelf  littered  with  cobbles  and 
boulders  (figure  36).  This  boulder-strewn  beach  circles  the  northwest 
slope  of  the  hill,  precisely  where  it  could  have  been  most  exposed  to  the 
attack  of  waves  from  the  northwest  where  strong  winds  and  long  fetch 
would  have  been  most  effective.  To  the  northwest  from  the  boulder 
beach,  lies  a  pebbly  sand  terrace,  now  dissected  by  gullies  50  feet  deep. 
On  the  lower  slopes  of  these  gullies  clay  and  silty  clay  are  encountered. 

This  pebbly  sand  and  clay  terrace  is  continuous  with  the  pebbly 
sand  terrace  deposit  of  the  Pyrites  region,  where  the  Grass  River  descends 
to  the  500  foot  level,  and  a  terracelike  deposit  of  pebbly  sand  flanks  the 
northeast  slope  of  the  uplands. 
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Evidence  in  the  Hermon-Pyrites  region  demonstrates  former  existence 
of  a  body  of  standing  water  at  present  elevation  of  500-525  feet  near  the 
St.  Lawrence  River.  Where  gradients  of  tributary  valleys  are  fairly  low. 
dissection  of  the  Champlain  silt  and  clay  deposits  has  progressed  until 
systems  of  dendritic  gullies  have  fairly  well  cut  up  some  of  the  lowlands. 
With  this  as  a  comparison,  it  is  easy  to  imagine  post-Champlain  Iluvial 
erosion  on  the  steep  gradients  of  the  Hermon  region,  dissecting  at  an 
even  greater  rate  in  the  sandy-silty  deposits.  In  1955,  a  bit  of  very  rapid 
erosion  was  seen  in  the  ancient  sandy,  silty  delta  of  the  Oswegatchie 
River  in  the  southwestern  part  of  the  Russell  quadrangle.  About  I/4  mile 
south  of  the  Hermon  school  a  gully  is  cutting  headward  into  the  western 
flank  of  this  flat-topped  delta  mass.  It  is  about  60  to  80  feet  deep,  steep¬ 
sided  with  vertical  box-canyonlike  head.  It  is  already  Lo  mile  long,  and 
growing  50  to  100  feet  with  every  big  rain.  In  a  few  hundred  years  it 
will  have  dissected  this  whole  part  of  the  delta.  By  seeing  the  speed  of 
gully  growth  in  this  sandy  material,  it  is  easy  to  picture  how  these 
deposits  were  cut  up  by  rainfall  while  they  were  bare  of  vegetation  in 
the  geologic  past. 

Since  no  fossils  have  come  to  light  in  the  Hermon  region,  evidence  is 
not  at  hand  to  specify  whether  or  not  the  body  of  standing  water  at 
500-520  feet  was  a  lake  or  the  Champlain  Sea.  It  can  only  be  said  that 
water  must  have  stood  at  this  level  for  a  considerable  length  of  time  to 
have  produced  the  deltaic  and  shore  line  feature  as  now  seen. 


Figure  36.  Gullies  ending  at  the  strand  of  the  Champlain  Sea  at 
altitude  of  520  feet,  2  miles  north-northeast  of  Hermon,  Russell 
quadrangle 
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Red  Mills  Quadrangle 

Only  the  small  southeast  corner  of  the  quadrangle  lies  in  the  United 
States  and  has  been  mapped  for  this  report,  ft,  like  the  adjacent  areas, 
is  made  of  northeast-southwest  till  hills  surmounted  by  winnowed  till 
beach  ridges,  and  surrounded  by  marine  clay  and  sand.  Two  miles  east 
of  Rockaway  Point,  a  small  gully  reveals  dark,  drab-gray  clay  lying  on 
buff  oxidized  till.  No  leaching  is  seen  at  the  contact,  but  the  rusty  color 
of  the  till  below  dark  clay  suggests  either  ( 1 )  that  there  was  some 
surface  weathering  of  the  till  before  deposition  of  clay,  or  (2)  that 
oxidizing  solutions  have  penetrated  the  clay  and  affected  the  till  more 
than  clay,  or  (3)  that  subterranean  staining  of  the  till  has  been  accom¬ 
plished.  This  phenomenon  is  described  here  because  it  is  a  widely  en¬ 
countered  occurrence  in  both  the  St.  Lawrence  and  the  Champlain  Valleys. 

In  the  Red  Mills  quadrangle,  several  excavations  for  the  seaway  have 
uncovered  Pleistocene  phenomena  of  significance. 

Iroquois  Dam 

Excavation  into  Rockaway  Point  for  the  east  abutment  of  the  Iroquois 
Dam  went  down  through  a  hundred  feet  or  more  of  drift,  and  laid  bare 
about  an  acre  of  beautifully  striated  limestone  bedrock.  The  striae  trend 
S  40°W.  The  bedrock  is  overlain  by  two  sheets  of  till,  separated  by  a 
layer  of  characteristic  glaciolacustrine  drift.  This  latter  is  stratified  and 
composed  of  sand,  clay,  and  silt.  In  places  it  is  crammed  with  stony  to 
bouldery  glacial  material.  The  lower  till  has  fabric  from  the  northeast, 
whereas  the  upper  till  has  fabric  from  the  northwest.  The  lower  till  is 
therefore  the  Malone  till,  and  the  upper  is  the  Fort  Covington.  The 
presence  of  the  berg-rafted  lake  sediment  between  the  two  tills  indicates 
that  the  Malone  ice  waned  by  calving  into  a  lake,  prior  to  the  advance 
of  Fort  Covington  ice. 

At  the  northern  end  of  the  excavation,  as  exposed  in  1955,  10  feet  of 
fossiliferous  marine  clay  is  seen  to  lie  on  about  10  feet  of  good  varved 
silt  and  clay,  which  in  turn  rested  on  buff  calcareous  Fort  Covington  till. 
This  is  one  of  the  many  typical  exposures  which  show  that  a  lake  followed 
the  Fort  Covington  episode,  and  varves  as  well  as  till  were  both  exposed 
to  surface  oxidation  prior  to  the  marine  invasion.  Along  the  cut  for  the 
access  road  at  the  south  end  of  the  excavation,  fossiliferous  marine  clay 
in  places  lies  directly  on  buff  till ;  the  latter  becomes  blue-gray  at  base  of 
exposure.  Not  only  does  the  clay  lie  directly  on  till,  but  it  is  seen  to  lie 
in  small  hollows  more  than  10  feet  deep  in  the  surface  of  the  till.  At 
several  places,  till  from  tops  of  the  little  hillocks  is  seen  to  have  slumped 
or  moved  out  over  some  of  the  fossiliferous  clay  in  adjacent  depressions. 
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This  has  produced  till  on  top  of  fossiliferoiis  clay,  which  would  certainly 
b©  confusing  if  encountered  in  a  boring  sample,  as  has  undoubtedly  been 
done  in  some  of  the  seaway  explorations.  These  exposures,  which  un¬ 
fortunately  have  been  destroyed  by  further  excavation,  illustrate  that  the 
Fort  Covington  till  had  a  morainal  topography  which  was  modified  first 
by  lake  waters  and  then  by  marine  waves  and  currents, 

Iroquois  Lock 

On  the  north  side  of  the  St.  Lawrence,  across  from  Rockaway  Point, 
the  Iroquois  Point  was  cut  through  for  construction  of  the  Iroquois  lock. 
The  cut  goes  down  through  two  tills  separated  by  a  thick  layer  of  stratified 
material  (figure  38).  The  lower  till  lies  on  bedrock  striated  N  40°E.  The 
stratified  zone  contains  sands,  silts,  gravels,  and  in  many  places  masses 
of  material  studded  with  boulders  and  cobbles,  just  like  the  obviously 
ice-rafted  material  between  Malone  and  Fort  Covington  till  across  at 
Iroquois  Dam  excavation.  Fabric  analysis  showed  also  that  the  two  tills 
at  Iroquois  lock  are  the  Malone  and  the  Fort  Covington,  respectively 
(Appendix  I-VV,  WW,  FFF).  At  one  level  in  the  stratified  material,  a 
layer  of  silt  is  seen  in  a  bed  of  sand.  The  sand  shows  that  the  silt  was 
deposited  on  symmetrical  ripple  marks  about  6  inches  from  crest  to 
crest.  If  they  are  in  reality  ripple  marks,  they  show  a  good-sized  body 
of  open  water,  rather  than  a  small  ice-dammed  pond. 


Excavation  of  the  south  shore  of  the  river  at  Point-Three-Points,  a 
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[sil  Marine  silt  and  sand 
IcTI  Marine  clay 
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Figure  40.  Sparrowhawk  Point,  inland  bank,  toward  the  south 
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mile  east  of  Rockaway  Point,  reveals  Fort  Covington  till  lying  on  the 
upper  Malone  till,  sand,  and  gravel  complex.  At  the  eastern  part  of  the 
exposure,  varved  clays  occur  between  Malone  drift  and  marine  clay 
(figure  39),  but  the  clay  also  rests  on  Malone  drift,  showing  that  varved 
clays  were  either  not  deposited  or  were  eroded  away  before  the  marine 
invasion. 

Excavation  of  Sparrowhawk  Point,  3  miles  west  of  Rockaway  Point, 
exposes  the  drifts  as  shown  in  the  diagram  (figure  40),  where  again 
Fort  Covington  till  lies  on  Malone  drift  in  the  western  part  of  the 
exposure,  covered  by  lake  varves  and  marine  clay  and  silt.  In  the  eastern 
part,  however,  varved  clay  and  marine  sediments  rest  on  Malone  drift. 
Varves  were  either  not  deposited  or  were  eroded  prior  to  the  marine 
invasion. 

Six  miles  west  of  Iroquois  Dam,  a  cut  for  channel  improvement  is 
excavated  through  Gallop  Island.  It  exposes  bedrock  striated  N  40°E,  on 
which  lies  only  thin  patches  of  till.  Elsewhere  varved  and  glacionatant 
stratified  and  stony  material  lies  on  bedrock;  one  boulder  is  of  especial 
interest  in  this  exposure.  It  is  an  8-  or  9-foot  well-rounded  boulder  of 
tillite  resembling  the  Goganda  or  Cobalt  tillite,  and  could  have  gotten 
here  only  by  ice  movement  from  the  northwest  toward  the  southeast,  i.e., 
Fort  Covington  glaciation, 

Ogdensburg  Quadrangle 

The  Ogdensburg  quadrangle  lies  next  west  of  the  Canton  quadrangle. 
For  the  most  part,  like  the  previously  described  areas,  it  comprises  till, 
ridged  in  northeast-southwest  orientation,  with  marine  clay  and  sand  in 
the  lowlands,  all  lying  on  Paleozoic  bedrock.  In  the  southwestern  third 
of  the  quadrangle,  thin  discontinuous  drift  lies  on  Paleozoic  bedrock, 
and  in  the  southeastern  third  on  Precambrian  rock.  Cushing  (1916) 
correctly  described  the  drift  in  the  northern  part  of  the  quadrangle  as  a 
moraine  greatly  subdued  by  postglacial  waters.  His  map  shows  striae 
trending  south  to  south-southeast,  normal  to  the  till  ridges.  Unfortunately, 
he  confused  the  issue  by  calling  the  conspicuous  hill.  Mount  Lona,  2 
miles  south  of  Heuvelton,  a  drumlin.  This  hill  is  one  of  the  most  con¬ 
spicuous  topographic  features  of  the  whole  St.  Lawrence  Lowland,  rising 
150  feet  from  surrounding  flats  at  320  feet  altitude  to  a  summit  at  470 
feet  elevation.  Roadcuts  and  well  records  show  it  to  be  composed  of  till, 
with  kame  gravel  at  its  western  end.  Till  fabric  at  the  eastern  end  of 
Mount  Lona  has  a  maximum  from  the  northwest  showing  its  surface,  at 
least,  to  be  composed  of  Fort  Covington  till  (Appendix  I-P).  The  top 
of  this  hill  is  bumpy  and  irregular  like  a  frontal  morainic  ridge,  which 
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this  appears  to  be=  As  pointed  out  earlier,  the  waters  of  Lake  Fort  Ann 
and  the  Champlain  Sea  have  washed  and  subdued  the  morainal  topog¬ 
raphy.  This  is  seen  especially  in  the  subdued  topography  both  to  the 
east  and  the  west  of  Mount  Lona.  A  group  of  four  small,  strikingly 
parallel,  till  ridges  about  1/4  long  and  about  25  feet  high  are  oriented 
north-south.  They  seem  to  be  a  group  of  little  drumlins,  like  those  just 
east  of  Massena  formed  during  Fort  Covington  time.  In  the  south-central 
part  of  the  Ogdensburg  quadrangle,  about  2  miles  west  of  Coopers  Falls, 
two  20-foot  exposures  of  varved  clays  are  seen  along  the  roads.  In  the 
northern  half  of  the  quadrangle,  the  hilltops  are  capped  with  deposits 
of  winnowed  till  gravel,  many  of  which  contain  marine  shells.  The 
altitudes  are  around  360-376  feet. 

Goiiverneur  Quadrangle 

The  Goiiverneur  quadrangle  lies  south  of  the  Ogdensburg  and  west 
of  the  Russell  quadrangles.  Its  altitude  rises  from  about  400  feet  at  the 
north  to  about  800  feet  at  the  south.  It  is  part  of  the  Frontenac  axis,  and 
displays  the  characteristic  northeast-southwest  “grain”  of  outcrops  and 
topography.  Fluvial  and  glacial  erosion  have  produced  in  this  quadrangle 
a  striking  example  of  the  intimate  relation  of  topography  to  lithology. 
One  of  the  best  illustrations  is  seen  at  Moss  Ridge,  2  miles  east  of  Rich- 
ville  in  the  central  part  of  the  area,  where  a  hook-shaped  granite  sheet 
stands  now  as  an  80-foot  ridge.  Drift  is  thin  or  absent  over  the  ridges 
and  only  thin,  if  present,  as  shown  by  well  records,  in  the  depressions. 
The  depressions  are  largely  lloored  by  clay  and  silt  deposits,  many  of 
which  are  now  covered  with  peat  and  muck.  The  clay  and  silt  is  mapped 
only  in  the  larger  depressions.  Conspicuous  glacial  deposits  are  very 
few.  A  mass  of  kame  gravel  is  seen  3  miles  southwest  of  Gouverneur, 
It  is  the  eastern  end  of  the  area  of  kame  gravel  that  Taylor  (1924)  called 
the  Gouverneur  Moraine,  One  mile  northeast  of  Gouverneur  is  a  second 
area  of  kame  gravel,  now  being  actively  excavated  for  gravel  and  thus 
exposing  many  good  vertical  sections  to  study.  The  gravel  is  leached  to 
a  depth  of  18  inches.  A  mass  of  varved  clay  is  seen  to  be  infolded  with 
the  frontal  kame  gravels,  evidently  by  contemporaneous  subaqueous 
slumping  in  the  waters  of  the  lake  into  which  the  kame  was  being  built. 
Large  masses  of  the  varved  sediment  are  seen  15-20  feet  below  the  sur¬ 
face.  Four  patches  of  buff  till  are  found  in  the  quadrangle.  One  is  at 
De  Kalb,  at  the  north  edge  of  the  sheet;  a  second  just  north  of  East 
De  Kalb  displays  gentle  terminal  moraine  topography.  The  third  mass 
is  in  a  north-south  drumlin  at  Kents  Corners,  near  the  eastern  edge  of 
the  map.  A  lO-foot-deep  dug  well  exposes  buff  till,  with  fabric  maximum 
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N  30°W  in  Fort  Covington  till  (Appendix  I-X).  The  fourth  patch  of  till 
is  a  roadcut  IV2  miles  southwest  of  Edwards;  the  northwest  maximum 
of  fabric  shows  this  also  to  be  Fort  Covington  till  (Appendix  l-Y). 

The  whole  Gouverneur  quadrangle  therefore  was  overrun  by  Fort 
Covington  ice,  whose  margin  lay  to  the  east  and  south  of  the  quad¬ 
rangle.  The  silty  clays  of  the  lowlands  are  seen  to  be  varved  near  Maple 
Ridge  School  at  the  north,  near  Edwards  at  the  east,  and  near  Hailesboro 
in  the  western  part  of  the  area.  These  examples  show  the  wide  distribution 
of  lake  sediments  over  the  area.  In  the  south-central  part  of  the  area,  with 
its  center  at  Fullerville  Ironworks,  is  an  extensive  Lake  Fort  Ann  deltaic 
deposit  of  pebbly  sand,  whose  surface  rises  southward  from  about  700 
feet  near  the  Oswegatchie  River  to  about  780  feet  at  the  south  margin 
of  the  quadrangle,  and  to  800  feet  in  the  northern  part  of  the  Lake 
Bonapart  quadrangle,  where  it  is  pitted  by  the  melting  out  of  buried  ice 
blocks.  The  basins  of  the  several  lakes  may  have  been  occupied  by  ice 
blocks,  or  may  be  the  result  of  solution  of  marble  bedrock. 

Bi  ier  Hill  Quadrangle 

The  Brier  Hill  quadrangle  lies  to  the  west  of  the  Ogdensburg  quad¬ 
rangle.  Although  slightly  more  than  one  half  of  this  quadrangle  lies 
across  the  St.  Lawrence  River  in  Canada,  the  southeastern  part,  in  the 
State  of  New  York,  is  a  most  significant  area.  The  boundary  between  the 
Fort  Covington  till  to  the  east  and  the  area  of  glacial  retreat  by  calving 
crosses  this  area.  It  is  also  near  Ogdensburg  that  the  westernmost  fossils 
of  the  Champlain  Sea  in  the  United  States  are  found. 

An  area  of  Fort  Covington  Moraine  is  the  only  till  deposit  mapped  in 
this  quadrangle.  This  till  accumulation  m.arks  the  boundary  (north  of 
the  Frontenac  axis)  between  the  tableland  topography  and  the  massive 
till  moraines  which  characterize  the  topography  to  the  east. 

The  southwestern  end  of  the  moraine,  in  the  latitude  of  Morristown, 
has  two  prongs :  One  starts  in  the  town  of  Morristown,  near  the  St.  Law¬ 
rence  River,  and  the  other  begins  along  Black  Lake,  1  mile  southwest 
of  the  northeast  corner  of  the  Hammond  quadrangle.  The  two  prongs 
converge  near  the  head  of  Chippewa  Creek,  41/2  miles  east  of  Morristown. 
From  the  point  of  convergence  the  moraine  trends  northeastward  to  the 
boundary  of  the  Brier  Hill  quadrangle,  covering  most  of  the  surface  be¬ 
tween  the  lake  and  the  river  in  this  area.  The  till  composing  the  moraine 
is  not  of  great  thickness,  and  much  of  the  relief  is  due  to  a  bedrock  core. 
The  topography  is  definitely  that  of  a  moraine,  however,  and  ice  front 
characteristics  can  be  observed.  The  surface  of  the  moraine  is  quite 
bouldery,  indicating  that  the  surface  has  been  washed  by  waves,  and 
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ill  many  areas  the  wave  action  has  greatly  subdued  the  topography.  The 
till  is  bouldery  and  sandy,  with  rather  low  amounts  of  clay  and  silt. 

Brier  Hill  Kame  Terrace 

The  northeastern  end  of  a  stratified  gravel  deposit,  designated  in  this 
report  as  the  Brier  Hill  kame  terrace,  lies  within  the  village  limits  of 
Brier  Hill.  From  this  locality  the  deposit  trends  southwestward  for  a 
distance  of  4  miles,  along  the  northwestern  wall  of  the  valley  containing 
Chippewa  Creek.  In  this  area,  the  Theresa  dolomite  and  Potsdam  sand¬ 
stone  form  almost  vertical  walls,  approximately  100  feet  high,  along  the 
north  side  of  the  valley.  The  gravel  terrace  laps  high  on  the  valley  wall, 
and  in  some  places  completely  covers  it,  and  slopes  gently  into  the  valley. 
The  kame  terrace  averages  about  one-half  mile  in  width,  but  widens  to 
over  three-quarters  of  a  mile  in  the  vicinity  of  Chippewa  Creek  Church. 
Except  for  a  slight  dip  away  from  the  valley  wall  escarpment,  the  strati¬ 
fication  in  the  gravel  is  essentially  horizontal. 

The  surface  of  the  terrace  is  covered  by  a  thin  veneer  of  fine  lacustrine 
sand  that  extends  out  into  the  floor  of  the  valley,  beyond  the  limits  of 
the  gravel.  Where  Chippewa  Creek  has  cut  through  the  gravel  composing 
the  terrace,  lacustrine  clayey  silts  and  silty  clays  are  exposed  on  the  banks 
of  the  stream,  indicating  that  the  whole  terrace  is  probably  underlain 
by  lake  sediments. 

Three  gravel  pits,  now  in  operation,  offered  good  exposures  of  the 
gravel  composing  the  kame  terrace.  The  easternmost  of  these  lies  on  the 
western  edge  of  the  village  of  Brier  Hill,  and  the  other  two  are  1%  miles 
southwest  of  the  village.  The  westernmost  of  these  pits  shows  an  exposure 
approximately  80  feet  high.  The  gravel  studied  in  these  openings  is  clean 
and  of  rather  uniform  texture,  usually  ranging  from  medium  sand  to 
medium  cobbles,  with  larger  boulders  in  varying  numbers  occurring 
irregularly  in  various  sections.  A  large  reserve  of  good-grade  gravel 
is  available  in  this  deposit. 

Closely  associated  with  the  kame  terrace  is  a  kame  moraine  which 
extends  northward  from  Chippewa  Creek  Church  for  a  distance  of  2 
miles.  There  are  no  gravel  pits  now  in  operation  in  this  moraine,  but 
outcrops  were  found  in  a  few  old  workings  and  roadcuts.  The  gravel 
seems  to  be  of  good  quality,  but  the  exposures  studied  reveal  mostly 
medium  to  coarse-grained  sand,  and  only  small  amounts  of  cobbles  and 
boulders.  Bedrock  outcropping  along  the  sides  of  the  kame  moraine  sug¬ 
gest  that  much  of  it  has  a  rock  core,  and  it  is  therefore  impossible  to 
estimate  the  gravel  reserve.  The  surface  of  the  kame  moraine  is  covered 
by  a  relatively  thick  deposit  of  lacustrine  sand  which,  in  most  cases, 
masks  the  underlying  gravel. 
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Marine  Deposits 

An  occurrence  of  marine  fossils  is  located  2.4  miles  south-southwest 
of  the  New  York  Central  Railroad  Station  in  Ogdensburg.  This  location 
is  three-quarters  of  a  mile  west  of  the  eastern  boundary  of  the  Brier  Hill 
sheet  and  1^  miles  due  south  of  the  Pythian  Home,  located  one-half  mile 
southwest  of  Ogdensburg,  on  New  York  Route  37. 

The  gravel  in  the  deposit  forms  a  small  knoll,  one-half  mile  wide  and 
three-quarters  of  a  mile  long,  that  rises  20  to  30  feet  above  the  300-foot 
contour  that  marks  its  base.  The  gravel  is  winnowed  till,  of  medium 
texture  with  larger  cobbles  and  boulders  dispersed  throughout.  At  the 
time  of  this  survey,  the  gravel  was  being  used  for  roadbed  construction 
and  crushing  was  necessary  to  prepare  it  for  this  use.  Occasionally, 
boulders  were  encountered  that  were  too  large  to  feed  through  the  crusher. 

One-half  mile  west  of  the  deposit  described  above  is  Monkey  Hill,  a 
small,  streamlined  moraine  whose  crest  rises  above  the  360-foot  contour. 
The  crest  and  slope  of  this  hill  are  quite  bouldery  and  gravelly,  giving  a 
surface  appearance  similar  to  a  kame.  Excavations  were  made  for  a  home 
on  the  crest  during  the  time  of  this  survey,  and  the  digging  revealed  that 
the  bouldery,  cobbly,  gravelly  surface  material  was  about  3  feet  thick. 
Below  this  veneer  was  2  to  3  feet  of  medium-textured  gravel,  and  below 
the  gravel  was  till.  Low  ridges  of  this  material  were  found  on  the  crest 
of  the  moraine,  as  well  as  along  the  slopes.  Because  of  these  characteristics, 
the  surface  material  was  mapped  as  winnowed  till. 

One  mile  west  of  Monkey  Hill,  an  abandoned  gravel  pit  was  found  in 
a  small  knoll  at  an  elevation  of  340  feet.  The  material  was  slumped 
and  no  fossils  were  found,  but  the  character  of  the  grawl  was  so  similar 
to  that  on  Monkey  Hill  that  it  was  also  mapped  as  winnowed  till.  One  mile 
south  of  Monkey  Hill,  a  long  ridge  was  mapped  trending  north-south  for 
a  distance  of  2  miles  to  the  vicinity  of  Stone  Church.  The  surface  of  this 
ridge  was  exceedingly  bouldery,  and  the  matrix  was  very  sandy.  One 
abandoned  pit  was  studied  three-quarters  of  a  mile  northeast  of  Stone 
Church,  and  this  material  was  also  designated  as  winnowed  till,  in  spite 
of  the  fact  that  no  fossils  were  found. 

The  westernmost  of  the  winnowed  till  deposits  were  mapped  on  a 
moraine  that  trends  southwest  from  the  Ogdensburg  Country  Club  (61/) 
miles  southwest  of  Ogdensburg,  on  New  York  Route  37),  A  small  ridge 
of  the  winnowed  gravel  at  elevation  350  feet  lies  immediately  south  of 
Route  37,  one-half  mile  west  of  the  country  club.  One  and  one-quarter 
miles  south  of  the  country  club  at  the  same  elevation  a  rather  large  de¬ 
posit  of  the  same  material  follows  along  the  north  side  of  Haggart  Road, 
for  a  distance  of  H/)  miles.  The  gravel  was  studied  in  one  opening  in  this 
deposit.  The  texture  of  the  grains  was  generally  finer  and  boulders  less 


116 


NEW  YORK  STATE  MUSEUM  AND  SCIENCE  SERVICE 


frequent  than  in  the  deposits  described  above,  but  evidence  of  reworking 
was  definitely  present.  The  surface  expression  of  low  linear  ridges  is 
similar  to  those  on  Monkey  Hill. 

Tableland  Topography  in  the  Brier  Hill  Quadrangle 

West  of  the  Fort  Covington  Moraine,  the  topography  is  typical  of  the 
tablelands.  Much  barren  rock  is  exposed,  and  the  lacustrine  sediments  are 
seldom  more  than  8  to  10  feet  in  thickness.  South  of  Black  Lake,  the 
rocks  are  crystalline  and  the  PVontenac  axis  topography  predominates. 

Evidence  of  Ice  Directicrn 

As  described  earlier  in  this  report,  the  striations  clearly  show  that  the 
last  ice  invasion  in  this  area  crossed  the  St.  Lawrence  River  from  the 
north.  These  striations,  plus  shear  and  tension  cracks,  are  most  con¬ 
spicuous  in  the  vicinity  of  Morristown. 

Hammond  Quadrangle 

The  Hammond  quadrangle  lies  south  of  the  Brier  Hill  and  west  of  the 
Gouverneur  quadrangles.  The  whole  area,  with  the  exception  of  the 
extreme  northwest  corner,  lies  in  the  Frontenac  axis  subsection  and  is 
therefore  rough  and  sparsely  settled.  Several  sizeable  granitic  intrusions 
are  found  in  the  complex  of  this  section,  and  these  form  the  more  mas¬ 
sive,  higher,  and  most  conspicuous  aspects  of  the  topography.  Certain 
other  areas  are  higher  than  the  general  topography  because  they  are 
capped  by  outliers  of  flat-lying,  more  resistant,  Potsdam  sandstone.  Large 
swamps  are  common  in  the  river  areas,  and  the  most  noteworthy  of  these 
occupies  the  Black  Lake  depression  southwest  of  Black  Lake.  Several 
lakes  are  also  found  where  the  softer  beds  of  the  Grenville  series  were 
gouged  out  by  glacial  erosion. 

Lacustrine  Material 

Lacustrine  deposits  are  irregularly  distributed  in  the  lower  areas 
throughout  the  Hammond  quadrangle.  Distinct  shore  lines,  however,  are 
absent. 

In  the  area  of  the  Frontenac  axis,  lacustrine  sediments,  eomposed 
mostly  of  silty  clay  and  usually  rather  thin,  were  found  in  the  low  areas 
not  occupied  by  lakes  or  swamps.  The  depressions  containing  the  sedi¬ 
ments  are  generally  quite  small,  and  it  was  deemed  inadvisable  to  map 
them  in  detail  inasmuch  as  they  have  little  or  no  geologic  significance. 
For  these  reasons,  only  the  larger  areas  of  lacustrine  deposits  were  isolated 
and  mapped  in  the  crystalline  rock.  The  areas  of  lake  sediments  mapped 
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in  the  crystalline  complex  were  mostly  in  valleys  now  occupied  by  streams, 
which  include  the  Indian  River,  the  Oswegatchie  River,  and  tributary 
streams  that  flow  into  them.  This  description  suffices  for  all  of  the  areas 
of  lacustrine  materials  mapped  south  of  the  Black  Lake  depression. 

Spragueville  Kame  Moraine 

The  gravel  deposit  designated  as  the  Spragueville  kame  moraine  in 
this  report  is  best  developed,  most  massive,  and  reaches  its  greatest 
height  in  the  vicinity  of  the  village  of  Spragueville  in  the  southeastern 
corner  of  the  Hammond  quadrangle.  From  Spragueville,  the  moraine 
trends  northeastward  as  a  belt  of  kames  and  narrow  gravel  ridges  to  the 
western  edge  of  the  village  of  Gouverneur.  From  Spragueville,  the 
moraine  also  extends  southward  into  the  edge  of  the  Antwerp  quadrangle. 
Buddington  (1934,  p.  45),  using  Taylor's  name,  describes  it  as  an  exten¬ 
sion  of  the  Philadelphia  Moraine  several  miles  to  the  south.  This  present 
survey,  however,  traced  the  moraine  from  Spragueville  2  miles  westward 
along  the  southern  border  of  the  Hammond  quadrangle,  where  it  swings 
southwest  and  then  south  into  the  Antwerp  quadrangle. 

The  Spragueville  section  of  the  moraine,  described  above  as  highest 
and  most  massive,  is  approximately  3  miles  long  and  trends  northeast 
and  southwest  from  the  village  of  Spragueville.  The  average  width  of 
the  deposit  is  one-half  mile,  but  it  is  three-quarters  of  a  mile  wide  imme¬ 
diately  southwest  of  the  village.  The  crest  of  the  moraine  is  generally  100 
feet  above  the  plain  to  the  north,  and  the  high  point  on  the  crest,  one-half 
mile  east  of  Spragueville  village,  rises  to  an  elevation  of  630  feet,  which  is 
160  feet  higher  than  the  contact  of  the  lake  plain  two-tenths  of  a  mile  to 
the  north.  The  southern  and  northwestern  margin  of  the  deposit  laps  upon 
the  slopes  of  the  crystalline  rocks  of  the  Frontenac  axis  complex. 

One  gravel  pit  in  the  Spragueville  section  is  located  in  the  village  of 
Spragueville,  where  75  feet  of  gravel  is  exposed  along  the  face.  The 
gravel  is  very  clean,  well  sorted,  and  contains  a  good  high  percentage 
of  crystalline  material  including  marble  from  the  Grenville  series.  The 
texture  of  the  gravel  varies  from  sand  to  coarse  cobbles  and  small  boul¬ 
ders.  Near  the  top  of  the  pit  face,  a  layer  of  clean  sand,  approximately  20 
feet  thick,  is  exposed. 

Since  the  gravel  composing  this  kame  area  covers  the  edges  of  the 
crystalline  rock  on  the  south  and  west,  as  stated  above,  it  is  not  possible 
to  give  an  accurate  estimate  of  the  total  gravel  reserve  in  this  section. 
Tlie  northern  boundary  of  the  kame,  however,  borders  the  lake  plain  and 
is  not  believed  to  be  overlying  the  crystalline  complex.  From  the  village 
of  Spragueville  northeastward  for  a  distance  of  11/4  niiles,  the  moraine 
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rises  abruptly  from  the  lake  plain  and  gravel  is  exposed  all  the  way  up  the 
side.  It  is  definitely  concluded,  therefore,  that  a  very  large  amount  of  good, 
clean  gravel  is  in  reserve  in  this  section. 

Three  abandoned  gravel  pits  were  located  in  the  kames  and  ridges 
in  the  northeastern  section  of  this  moraine,  which  begins  ll/o  miles 
north-northeast  of  Spragueville  and  trends  north-northeast  from  this 
point  to  Gouverneur.  The  composition  of  the  gravel  is  much  the  same 
as  that  at  Spragueville,  but  the  texture  is  generally  coarser  and  sorting 
is  not  as  complete.  The  reserve  of  gravel,  of  course,  is  not  as  large  in  this 
section,  and  the  quality  does  not  compare  favorably  with  that  to  the  south. 

The  northeastern  end  of  the  southwestern  section  of  this  moraine  lies 
1%  miles  due  west  of  Spragueville.  This  segment  of  the  moraine  trends 
southwest  for  a  distance  of  2  miles  and  then  south  for  fl/o  miles.  The 
composition,  quality,  and  texture  of  this  section  is  much  the  same  as  that 
at  Spragueville.  The  only  opening  in  this  locality  is  along  U.  S.  Route  11, 
4  miles  north  of  Antwerp,  and  the  better  part  of  this  segment  seems  to  be 
near  where  the  highway  crosses  the  moraine.  It  is  believed  that  a  fairly 
large  reserve  of  gravel  is  available  in  this  area. 

Antwerp  Quadrangle 

The  Antwerp  quadrangle,  located  south  of  the  Hammond  quadrangle, 
shows  the  Frontenac  axis  topography  in  the  northern  and  east-central 
portion,  a  tongue  of  tableland  topography,  extending  from  the  west  into 
the  east-central  part  of  the  quadrangle,  and  sands  of  the  Pine  Plains  in 
the  south.  Rising  above  this  plain  are  massive  moraines  composed  of  both 
till  and  kame  gravel. 

Kame  Moraines 

The  tablelands  of  the  Antwerp  quadrangle  south  of  Philadelphia  are 
covered  in  most  areas  by  kame  gravel  of  the  Philadelphia  kame  moraine. 
The  kame  surface,  however,  is  generally  covered  by  a  thick  veneer  of 
lacustrine  clay.  The  kame  gravel  is  at  the  surface  only  in  the  higher  por¬ 
tions  of  the  moraine,  but  the  kame  and  kettle  topography  is  manifested 
in  the  undrained  depressions  on  the  surface.  It  is  apparent  that  a  chain 
of  kamic  ridges  starts  near  Black  Creek,  2  miles  south  of  the  Indian 
River,  and  extends  in  a  northeasterly  direction  to  the  Indian  River,  II/2 
miles  east  of  Antwerp.  The  manifestations  of  these  ridges  are  in  the  form 
of  small  isolated  gravel  deposits  emerging  from  the  surface  of  the  lake 
plain.  The  kames  were  apparently  higher  to  the  northeast,  because  a  more 
continuous  ridge  is  found  in  that  direction.  Evidence  seems  to  prove  that 
these  represent  kamic  deposits  that  were  continuous  and  may  still  be; 
that  have  a  subdued  topography  either  because  they  were  deposited  in 
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lake  waters  or  because  they  were  planed  off  by  wave  action,  or  both. 
Because  of  their  low  relief,  these  features  were  later  covered  by  lake  sedi¬ 
ments  and  the  exposures  now  found,  except  the  higher  ridges  to  the 
northeast,  have  been  uncovered  by  recent  erosion. 

Buddington  (1934,  p.  35)  describes  the  Philadelphia  Moraine  as  a 
part  of  the  Spragueville  kame  moraine  of  the  Hammond  quadrangle. 
This  investigation  did  not,  however,  bear  out  such  an  interpretation.  It  is 
the  contention  of  this  report  that  the  Spragueville  Moraine  trends  west¬ 
ward  along  the  southern  boundary  of  the  Hammond  sheet,  and  then 
south  into  the  Antwerp  quadrangle  for  a  distance  of  31/9  miles. 

A  gravel  deposit  in  the  southwestern  part  of  the  area  forms  the  Natural 
Bridge  esker.  This  feature  trends  southwestward  from  the  village  of 
Natural  Bridge  toward  Devoice  Corners,  and  is  termed  as  the  Devoice 
Moraine  by  Buddington  (1934,  p.  43).  The  length  of  the  esker  is  31/9 
miles;  Hogback  Road,  between  Natural  Bridge  and  Hasford,  follows 
the  crest  of  the  esker  for  about  11/9  miles.  The  northeastern  section  of  this 
ridge  rises,  in  places,  to  heights  over  100  feet  above  the  plains  on  either 
side  of  it,  and  the  crest  is  generally  between  800  and  840  feet  in  elevation. 
The  feature  is  a  typical  esker  with  a  wavy  skyline  and  steep  sides,  but  it 
has  a  less  serpentine  trend  than  do  most  eskers. 

The  gravel  composing  the  Natural  Bridge  esker  was  presumably  car¬ 
ried  into  the  area  from  the  northeast,  since  it  contains  a  high  percentage 
of  crystalline  material,  including  marble  from  the  Grenville  series.  Its 
geologic  significance,  the  writer  believes,  is  that  it  probably  gives  an 
indication  of  the  material  composing  the  kame  moraines  east  of  Natural 
Bridge  in  the  Lake  Bonaparte  15''  quadrangle.  The  deposits  east  of 
Natural  Bridge  were  not  mapped  or  studied  during  this  survey,  but  they 
were  noted  along  New  York  Route  3,  between  Natural  Bridge  and  Lake 
Bonaparte.  These,  the  writer  believes,  may  be  a  potential  source  of  gravel 
composed  of  material  similar  to  that  of  the  esker. 

Another  large  area  of  kame  moraines  lies  south  of  the  Black  River 
along  the  southern  boundary  of  the  quadrangle,  and  extends  southward 
into  the  Copenhagen  quadrangle.  These  deposits  include  two  separate 
kame  moraines.  One,  to  the  east,  is  crossed  by  the  Great  Bend-Carthage 
Road  and  lies  1  mile  west  of  the  Black  River.  The  second,  crossed  by  the 
Great  Bend-Champion  Road,  is  located  II/2  miles  south  of  the  village  of 
Great  Bend.  These  features  have  conspicuous  relief,  but  because  they 
are  near  the  Tug  Hill  Escarpment  they  may  have  a  bedrock  core. 

Till  Moraines 

One  of  the  large  accumulations  of  till  in  frontal  moraines  of  the  South¬ 
western  massive  moraine  subsection  is  found  in  the  southeastern  corner 
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of  the  quadrangle.  These  moraines  are  composed  of  a  sandy,  bouldery 
till  with  summits  generally  above  the  800  foot  contour,  and  rising  to  over 
900  feet  1  mile  southwest  of  North  Croghan.  Most  sections  of  the  moraines 
have  rather  bold  relief,  rising  50  to  100  feet  above  their  surroundings. 
The  most  conspicuous  moraine  knolls  are  Barr  and  Ward  Hills,  south¬ 
west  of  Fargo,  which  have  relief  of  over  150  feet. 

The  Pine  Plains 

The  Pine  Plains  form  the  surface  of  the  southern  one-third  of  the 
quadrangle.  Buddington  (1934)  described  two  separate  deltas  in  this 
region,  one  of  the  Black  River  at  700  feet  and  a  second,  of  the  Indian 
River,  at  800  feet.  The  higher  sand  surface  in  the  vicinity  of  the  village 
of  Natural  Bridge  does  not  mark  a  lake  level,  but  was  built  between  and 
among  the  till  moraines  which  have  prevented  the  lowering  of  the  surface 
by  subsequent  erosion.  The  moraines  also  prevented  the  spreading  out 
of  the  sand  into  the  lake  during  its  deposition. 

Ice  Direction 

The  few  striations  found  on  the  limestone  rock  in  this  quadrangle 
indicate  that  the  ice  movement  was  in  a  southerly  direction,  as  also  in 
the  two  quadrangles  to  the  north.  It  seems  evident,  therefore,  that  the 
last  ice  invasion  in  this  latitude  was  definitely  from  the  north  and  not 
toward  the  southwest,  as  formerly  believed. 

Alexandria  Bay  and  Grindstone  Quadrangles 

The  Alexandria  Bay  quadrangle  lies  west  from  the  Hammond  quad¬ 
rangle  ;  the  southern  half  of  the  sheet  lies  south  of  the  St.  Lawrence  River 
in  New  York.  The  Grindstone  quadrangle  lies  west  of  Alexandria  Bay, 
and  only  the  islands  in  the  St.  Lawrence  River  are  within  the  boundary 
of  the  State  of  New  York.  Since  glacial  deposits  are  rare  and  very  thin, 
bedrock  topography  dominates  the  landscape.  Crystalline  rocks  of  the 
Frontenac  axis  make  the  topographic  features  of  the  mainland,  as  well 
as  the  islands  of  the  river.  Bedrock  exposures  make  up  over  half  of  the 
area  of  the  quadrangles,  with  the  remainder  covered  with  a  thin  veneer 
of  lake  sediments.  Abundant  striae,  grooves,  and  chatter  marks  cover 
the  surface  of  horizontal  ledges  of  Potsdam  sandstone,  with  direction 
about  parallel  with  the  St.  Lawrence.  Although  striae  were  measured 
from  due  south  to  S  60°W,  the  most  common  trend  was  S  10°W  to 
S  30°W.  Just  south  of  Redwood,  striae  are  due  south  but  at  Goose  Bay 
they  are  S  40°W.  The  ice  invaded  the  north  but  was  diverted  toward  the 
southwest,  possibly  by  the  topography  near  the  St.  Lawrence  Valley. 
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Kame  Deposits 

Two  small  kame  deposits  are  seen  in  the  Alexandria  Bay  quadrangle. 
The  first  is  dome-shaped,  mile  north  of  Redwood.  It  is  of  good  quality 
gravel,  and  is  believed  to  contain  a  rather  large  reserve  of  gravel  within 
a  small  area.  The  second  area  of  gravel  is  located  D/o  miles  due  south 
of  Goose  Bay  settlement,  along  the  shore  of  Goose  Bay.  This  deposit  is  a 
kame  terrace,  lapping  upon  the  bedrock  escarpment  that  forms  the  valley 
wall  on  the  north  side  of  Cranberry  Creek.  There  are  two  large  gravel 
pits  in  the  terrace.  The  gravel  is  clean,  with  a  large  percentage  of  crystal¬ 
line  material.  Some  parts  are  quite  sandy,  A  small  reserve  of  good  gravel 
is  present,  but  since  bedrock  is  exposed  only  near  the  rim  of  the  escarp¬ 
ment,  measurement  of  volume  is  only  speculation.  It  is,  however,  close  to 
water  transportation  on  the  St.  Lawrence.  Fairchild  (1910b,  p.  153) 
describes  a  row  of  gravelly  kames  along  the  north  shore  of  Grindstone 
Island. 

Gravel  Wash 

A  rather  large  area  in  the  southern  part  of  the  Alexandria  Bay  quad¬ 
rangle  was  mapped  as  gravel  wash.  The  gravel  contains  a  very  high  con¬ 
tent  of  sand,  the  pebbles  and  cobbles  are  at  the  most  only  subrounded,  and 
sorting  is  very  crude.  The  term  gravel  wash  was  used  to  designate  these 
deposits  because  it  was  believed  that  they  were  spread  out  over  the  area 
by  wave  action.  This,  of  course,  is  also  true  of  beach  gravel,  but  the  source 
of  the  material  might  have  been  a  melting  ice  margin. 

It  is  possible  that  this  material  is  a  type  of  beach  gravel.  Fairchild 
(1910b,  p.  139)  describes  a  bar  2  miles  southeast  of  Redwood  that  is 
undoubtedly  composed  of  this  gravel. 

Theresa  Quadrangle 

The  Theresa  quadrangle,  south  of  the  Alexandria  Bay  sheet,  lies  almost 
entirely  within  the  southwestern  tableland  subsection.  There  is  a  small 
area  of  Frontenac  axis  in  the  northeast  corner,  while  in  the  southeast 
corner  there  is  a  small  area  of  massive  moraine  subsection  and  tbe  western 
margin  of  the  Pine  Plains  subsection. 

The  major  portion  of  the  quadrangle  shows  tableland  topography  as 
already  described.  Bedrock  is  exposed  on  higher  ground,  with  lacustrine 
sediments  covering  the  lower  areas.  In  many  sections,  and  particularly 
in  the  vicinity  of  Lafargeville,  cobbles  and  boulders  are  common,  dis¬ 
persed  both  on  and  through  the  lake  clays  and  silts.  The  greater  part  of 
the  area  is  covered  with  silty  clay,  except  for  the  sand  plain  in  the  vicinity 
of  Theresa, 
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Theresa  Sand  Plain 

The  Theresa  sand  plain  slopes  south,  and  is  an  example  of  a  lacustrine 
sand  deposit  in  which  the  source  of  the  sand  was  fluvial.  This  deposit 
starts  in  the  village  of  Theresa,  and  follows  down  a  former  stream  valley 
approximately  2  miles  in  a  southwesterly  direction.  From  this  latter  point, 
it  spreads  out  to  form  a  large  sand  plain  with  a  relatively  level  surface, 
the  main  portion  of  which  is  about  5  miles  long  and  2  miles  wide.  Another 
deposit  lies  to  the  east  of  the  first  plain,  and  follows  lower  channels 
into  the  Indian  River  Valley.  The  fluvial  bedding  of  the  northeastern  part 
of  the  deposit,  occupying  the  former  stream  valley,  can  be  seen  imme¬ 
diately  north  of  the  cemetery  in  the  village  of  Theresa,  where  a  sand  bank 
rises  over  60  feet  above  the  floor  of  the  Indian  River  Valley.  Cross-bedded 
deposits  were  also  studied  in  a  sand  pit  2  miles  southwest  of  the  village. 
No  openings  were  found,  however,  where  the  deposit  could  be  studied 
south  of  this  point. 

The  source  of  the  sand  seems  to  have  been  to  the  north,  and  therefore 
compatible  with  an  hypothesis  of  transportation  by  a  stream  flowing  south 
from  a  source  at  the  ice  front.  Such  a  stream  could  have  followed  the 
present  course  of  the  Indian  River  southward  to  Theresa,  whence  it  con¬ 
tinued  southwestward  for  2  miles  to  enter  a  lake.  Sand  must  have  filled 
a  portion  of  the  present  Indian  River  Valley  north  of  Theresa,  but  this 
sand  has  subsequently  been  removed  by  the  Indian  River.  The  elevation 
of  the  lake  at  that  time  is  indicated  by  the  general  level  of  the  sand,  which 
is  now  near  the  400  foot  level,  and  it  is  assumed  that  this  marks  a  level  of 
the  lake  sequence  in  the  Ontario  basin. 

Beach  Gravel 

A  noteworthy  deposit  of  beach  gravel  (Fairchild,  1910)  occurs  along 
the  slopes  of  Pine  Grove  Hill,  4  miles  northeast  of  Lafargeville,  where  a 
definite  wave-cut  shore  terrace  was  mapped  during  the  present  survey. 
Here,  a  terrace  marks  a  level  of  lake  stability  at  a  present  elevation  of 
approximately  335  feet,  and  a  beach  is  built  along  the  south  slopes  of  the 
kame  moraine  hill.  Three  shore  terraces  were  mapped  2  miles  southwest 
of  the  Pine  Grove  Hill,  the  highest  of  which  is  at  an  elevation  of  445  feet. 
It  is  postulated  that  this  represents  the  highest  shore  feature  of  Gilbert 
Gulf  in  this  region. 

Till  Moraine 

An  area  of  frontal  moraine  of  the  southwestern  massive  moraines  sub¬ 
section  is  located  between  the  villages  of  Black  River  and  Evans  Mills. 
The  crests  of  this  moraine  lie  generally  between  the  500  and  600  foot 
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contours,  and  the  relief  varies  from  50  to  100  feet.  There  is  much  evidence 
of  wave  action  on  the  top  of  this  structure,  with  a  rather  level  summit  in 
many  places.  The  till  composing  the  moraine  is  clayey,  but  the  surface  is 
often  sandy  and  gravelly,  due  to  wave  action.  This  moraine  formed 
under  the  same  conditions  as  did  those  of  the  Antwerp  quadrangle,  but 
probably  the  Black  River  Moraine  owes  its  greater  relief  in  part  to  a 
bedrock  core. 

Kame  Moraines 

One  of  the  largest  and  most  massive  kame  moraines  mapped  within 
the  area  uncovered  by  calving  retreat  lies  in  the  southeastern  part  of  this 
quadrangle.  This  moraine  seems  to  have  been  high  enough  to  stand  above 
the  level  of  Gilbert  Gulf,  but  the  surface  was  nevertheless  wave-washed 
during  earlier  lake  stages.  Since  the  bedrock  of  this  area  is  limestone,  the 
gravel  composing  the  kames  contains  a  high  percentage  of  carbonate 
rocks  and,  in  addition,  moderate  amounts  of  igneous  materials  and  a  small 
amount  of  quartzite.  The  shale  content  is  very  low. 

This  large  kamic  deposit  is  designated  the  Black  River  kame  moraine 
in  this  report  because  it  is  located  on  the  outskirts  of  the  village  of  Black 
River.  Where  the  deposit  skirts  the  Black  River  to  the  west  of  the  village, 
a  high  bank  of  gravel  has  been  exposed  in  the  bend  of  the  river.  From  the 
river,  the  kame  deposit  extends  northward  for  a  distance  of  about 
miles  to  the  vicinity  of  Five  Corners,  where  it  is  cut  by  West  Creek.  The 
creek  apparently  dissects  the  moraine,  because  a  kame  with  similar  ma¬ 
terial  and  characteristics  continues  north  of  the  creek  in  a  northeasterly 
direction.  The  surface  of  the  kame  moraine  has  presumably  been  sub¬ 
jected  to  much  wave  action,  inasmuch  as  the  summits  rise  to  the  600  foot 
contour,  which  is  the  level  most  affected  by  lake  waves. 

A  kame  deposit  that  is  probably  more  important  geologically  than 
economically  lies  mostly  in  the  extreme  northwestern  part  of  the  Theresa 
sheet,  and  extends  into  the  southwest  corner  of  the  Alexandria  Bay  quad¬ 
rangle.  It  is  the  Lafargeville  kame  moraine.  The  northern  limits  of  this 
moraine  are  about  ^2  southwest  of  Omar  (Alexandria  Bay  quad¬ 
rangle),  and  from  this  locality  it  trends  southward  into  the  Theresa  quad¬ 
rangle  for  a  distance  of  3  miles,  and  then  it  swings  southeastward  for 
another  2  miles.  The  ridge  is  narrow,  and  rises  from  10  to  100  feet  above 
its  surroundings.  Gravel  pits  located  in  the  higher  parts  of  the  north-south 
trending  section  of  the  moraine  reveal  lacustrine  varved  sediments  under 
the  frontal  gravel,  at  depths  of  6  to  20  feet.  This  sequence  of  gravel, 
interbedded  with  lake  clay,  supports  the  theory  of  a  calving  retreat  of  the 
ice-front.  The  presence  of  bedrock  exposures  in  areas  of  the  kame  suggests 
that  the  gravel  is  quite  shallow. 
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Clayton  and  Cape  Vincent  Quadrangles 

The  Clayton  and  Cape  Vincent  quadrangles  lie  to  the  west  of  the 
Theresa  sheet.  Because  only  a  small  area  of  the  Cape  Vincent  quadrangle 
lies  in  New  York  State,  jutting  out  into  Lake  Ontario,  it  is  included  with 
the  Clayton  quadrangle.  Both  of  these  quadrangles  lie  wholly  within  the 
area  of  tableland  topography,  and  have  very  few  surface  deposits  of  im¬ 
portance  in  interpretation  of  the  glacial  geology.  Much  bedrock,  mostly 
Ordovician  limestone,  is  exposed  and  even  the  lake  sediments  are  of  small 
bulk  and  quite  thin. 

Beach  Gravel 

Beach  gravel  deposits  in  this  area  are  quite  thin  and  of  small  extent. 
The  most  significant  deposits  of  this  type,  mapped  in  the  western  part 
of  the  lowland,  occur  on  the  slopes  of  Luther  and  Doanes  Hills  east  of 
Guffin  Bay  in  the  southern  part  of  the  Clayton  quadrangle.  As  stated 
above,  these  deposits  are  hardly  enough  to  mask  completely  the  under¬ 
lying  bedrock,  and  it  would  have  been  just  as  correct  to  map  these  hills  as 
bedrock,  but  the  beach  gravel  was  more  significant  in  the  present  study. 

On  the  western  slope  of  Luther  Hill,  the  gravel  is  concentrated  into 
beach  ridges  at  various  levels  from  the  top  of  the  hill  at  388  feet  to  the 
level  of  Lake  Ontario  at  246  feet.  This  sequence  of  ridges  down  the  slope 
of  the  hill  seems  to  show  a  gradual  emergence  above  the  waters  of  Gilbert 
Gulf  as  the  land  rose. 

Kame  Moraines 

Two  areas  of  kame  moraines  in  the  Sawmill  Bay  area  are  noted  in  this 
report  because  they  contain  a  moderate  supply  of  gravel  near  the  St. 
Lawrence  River.  The  first  of  these  deposits  is  located  immediately  south¬ 
west  of  Sawmill  Bay,  and  follows  the  St.  Lawrence  River  for  a  distance 
of  about  2  miles.  The  southeastern  side  of  the  moraine  has  a  very  sandy 
surface,  probably  due  to  wave  action,  and  the  northwestern  slope  is  mostly 
covered  with  lake  sediments,  but  gravel  pits  along  the  crest  of  the  struc¬ 
ture  reveal  good,  clean,  kame  gravel  with  a  predominantly  coarse  texture. 
Along  the  shore  of  Sand  Bay,  1  mile  southeast  of  Sawmill  Bay,  20  to  40 
feet  of  pebbly  sand  is  exposed  in  the  bank  of  the  river.  It  is  believed  that 
the  pebbly  sand  was  carried  from  the  kame  proper  by  wave  action  during 
a  lower  stage  of  Gilbert  Gulf. 

The  northeastern  margin  of  the  second  kame  moraine  in  the  Sawmill 
Bay  area  borders  the  St.  Lawrence  River  1  mile  southwest  of  Bartlett 
Point,  and  trends  in  a  southwest  direction  for  a  distance  of  3  miles.  The 
major  part  of  this  moraine  follows  a  bedrock  escarpment,  which  it  covers. 
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and  therefore  the  gravel  is  not  very  deep.  The  extreme  southwestern  end 
of  the  moraine,  including  the  high  area  of  the  Hogback  triangulation  point 
(454),  apparently  does  not  have  a  bedrock  core  and  therefore  contains  a 
large  amount  of  gravel. 
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Appendix  I 


Each  of  the  following  till  fabric  diagrams  depicts  the  distribution  of 
long  axes  of  approximately  100  flattish  stones,  measured  in  near  hori¬ 
zontal  position  in  undisturbed  till.  The  diagrams  are  listed  in  the  order 
that  they  are  mentioned  in  the  text. 


Webster  Avenue  in  Molone,  red- brown  till  3.5  miles  northeast  of  Porrishville,  red-brown  colcareous  till 


at  Trout  River  Bridge  borrow  pit,  red-brown  till  below  buff  till  I  mile  southeast  of  Hermon,  red-brown  fill 


2.5  miles  southeosf  of  Confon,  red- brown  fill  Mooers  Corners,  red-brown  till 
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Campus  of  St.  Lawrence  College,  buff  till  3  miles  north-northeast  of  Bangor  Station,  blue-gray  till 


North  end  of  Mosseno  Canal,  gray  till  0.25  mile  northwest  of  Trout  River  Bridge,  blue-gray  till 


(Stones  recorded  on  quodronts  to  ascertain  only  the  generol  di¬ 
rection  of  ice  movement) 


10  10 


2  miles  west  of  Pofsdom,  gray-buff  till  East  end  of  Mount  Lono,  buff  till 
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Dickinson  Center,  buff  fill  below  delfoic  pebbly  sand 


Chafeaugay  Quadrangle  .75  mile  norfh  of  Burke  Cenfer, 
south  side  of  Alder  Brook,  red-brown  till 


R  10  N  10 


V  10  N  10 


red-brown  till 


west  of  Hinchin  Brook,  red-brown  till 


Chafeaugay  Ouadrongle  2.75  miles  north-northwest 
of  Burke  Center,  on  north  valley  wall  of  Little  Trout 
River,  buff  till 


10  ^  10  ^  10  ^  10 


Chateaugoy  Ouadrongle  1.25  miles  north  of  Burke  Center, 
south  slope  of  gentle  ridge  north  of  Alder  Creek,  roodcut, 
buff  till 


Gouverneur  Quadrangle 

Kents  Corners,  10  feet  down  in  dug  well,  buff  till 
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I. Smiles  southwest  of  Edwards,  steep  roodcut,  buff  till  3  miles  east  of  Mooers,  small  roadside  exposure 


1.15  miles  west  of  Covey  Hill  village,  roadside  exposure 


roadside  exposure,  crest  of  Fort  Covington  Moraine 
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2  miles  north-northeast  of  Cannons  Corners  Webster  Avenue,  Malone,  red-brown  till 


Gross  River  Lock,  lower  till,  10  feet  obove  its  base 


2  miles  southwest  of  Champlain  Eisenhower  Lock,  bosal  fill  on  rock  striated  SGO^W 
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Massena  Quadrangle  Eisenhower  Lock,  north  side, 
below  overlook,  middle  till,  15  feet  above  its  base 


south obutment,  buff  till  10  feet  below  top  of  excavation 


South  Forebay  Dike  barrow  pit,  Barnhort  Islond 
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Iroquois  Dom,  south  side  of  excovotion,  lower  till 


electric  switching  yard,  Bornhort  Islond  Powerhouse 


PLEISTOCENE  GEOLOGY  OF  THE  ST. 


, A  WHENCE  LOWLAND  147 


southwest  of  bridge,  upper  till,  30  feet  above  its  base 


Long  Soult  Dike  cutoff  trench  ot  middle  rood 


Iroquois  Dam,  upper  till,  east  side  of  excavation  Knob  No.  I,  South  Soult  Channel 


Appendix  II 


Report  on  Fossils  from  Localities 
Along  the  St,  Lawrence  Seaway  and  Power  Project, 
New  York  State 

by  F.  J.  E.  Wagner,  (1956),  Paleontologist 
of  the  Geological  Survey  of  Canada 

1.  Grass  River  Lock,  North  Pintle  Line 

Station  100  feet  S.  Elevation,  top  of  test  pit,  168.3  feet 

Foraminifera 

Laryn  go  sigma  spp.  (2) 

Elphidium  clavatum  Cushman 
Elphidium  frigidum  Cushman 
Elphidium  orbicular e  (Brady) 

Elphidium  suharcticum  Cushman 
Cassidulina  norcrossi  Cushman 

Porifera 

Tethea  logani  Dawson — a  few  isolated  spicules 

Pelecypods 
Nucula  sp. 

Yoldia  arctica  (Gray) 

Macoma  calcarea  (Gmelin) 

Hiatella  arctica  (Linne) 

Ophiuroidea 

Ophioglypha  sp. 

Ostracoda 

Cyprideis  sorhyana  (Jones) 

?  Xestoleheris  sp. 

1  species  ostracod  unident. 

Station  200  feet  S.  Elevation,  top  of  test  pit,  162.9  feet 

Foraminifera 

Elphidium  clavatum  Cushman 
Elphidium  orbicular e  (Brady) 

Cassidulina  islandica  Nrvang 
Cassidulina  norcrossi  Cushman 

Bryozoa 

an  unidentifiable  specimen 
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Ophiuroidea 

single  ophiuroid  plate 

Pelecypoda 

Yoldia  arctica  (Gray) 

Station  300  feet  S.  Elevation,  top  of  test  pit,  154,1  feet 
Foraminifera 

Quinqueloculina  seminula  (Linne) 
Quinqueloculina  sp. 

Cassidulina  islandica  Nrvang 
Cassidulina  norcrossi  Cushman 

Pelecypoda 

Yoldia  arctica  (Gray) 

Ostracoda 

Cytheropteron  spp.  (2) 

Station  400  feet  S.  Elevation,  top  of  test  pit,  144.6  feet 
Foraminifera 

Quinqueloculina  seminula  (Linne) 

Cassidulina  islandica  Nrvang 
Cassidulina  norcrossi  Cushman 

Pelecypoda 

Yoldia  arctica  (Gray) 

Ostracoda 

1  species  indet. 

Station  500  feet  S.  Elevation,  top  of  test  pit,  133.4  feet 
Foraminifera 

Cassidulina  islandica  Nrvang 
Pelecypoda 

Yoldia  arctica  (Gray) 

2.  Grass  River  Lock,  South  Pintle  Line 
Station  100  feet  N,  Elevation  166  feet 
Test  pit,  1  foot  below  ground  level 

Foraminifera 

?  Laryngosigma  sp. 

Elphidium  clavatum  Cushman 
Elphidium  orbicular e  (Brady) 

Elphidium  sp. 

Cassidulina  islandica  Nrvang 

Porifera 

Tethea  logani  Dawson — a  few  isolated  spicules 
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Pelecypoda 

Yoldia  arctica  (Gray) 

Ostracoda 

Cytheropteron  sp. 

1  species  indet. 

Collection  from  surface  of  ground 

Foraminifera 

?  Quinqueloculina  sp. 

Elphidiurn  clavatum  Cushman 
Elphidium  orbiculare  (Brady) 

Cassidulina  islandica  Nrvang 
Cassidulina  norcrossi  Cushman 

2  species  indet. 

Porifera 

Tethes  logani  Dawson — isolated  spicules 
Ophiuroidea 

Spine  from  ophiuroid  arm 
Pelecypoda 

Yoldia  arctica  (Gray) 

Macoma  calcar ea  (Gmelin) 

Hiatella  arctica  (Linne) 

Ostracoda 

Cyprideis  sorbyana  (Jones)* 

CytJieridea  punctillata  Brady  ? 

Cytheropteron  sp. 

3.  Gravel  pit  at  Paquette  River  village 

Foraminifera 

Elphidium  bartletti  Cushman 
Elphidium  cf.  E.  incertum  (Williamson) 

Cassidulina  norcrossi  Cushman 

Pelecypoda 

Mytilus  edulis  Linne 
Macoma  balthica  (Linne) 

Hiatella  arctica  (Linne) 

Ostracoda 

?  Xestoleberis  sp. 

1  species  indet. 

4.  East  end  of  Eisenhower  lock;  specimens  from  the  marine  clays 

Foraminifera 

?  Eissurina  sp. 

Globulina  gracilis  Cushman  and  Ozawa 
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Pseudopolymorphina  iwvangliae  (Cushman) 

N onion  cf.  N .  pauciloculum  albiiimbilicatum  Weiss 
Elphidium  bartletti  Cushman 
Elphidium  orbiculare  (Brady) 

Cassidulina  islandica  Nrvang 
Cassidulina  norcrossi  Cushman 

Porifera 

Tethea  logani  Dawson 
Pelecypoda 

Yoldia  arctica  (Gray) 

Thyssira  gouldii  (Philippi) 

Mytilus  edulis  Linne 
Macoma  balthica  (Linne) 

Macorna  calcarea  (Gmelin) 

Hiatella  arctica  (Linne) 

Ostracoda 

Cyprideis  sorbyana  (Jones) 

Cytheropteron  inflatum  Brady 

Cirripedia 

Balanus  crenatus  Bruguiers 
5.  Premo  pit,  1^2  miles  west  of  Massena 
Foraminifera 

Elphidium  bartletti  Cushman 
Pelecypoda 

Macoma  balthica  (Linne) 

Hiatella  arctica  (Linne) 


Remarks 


Assemblages  from  the  north  pintle  line  station  100  feet  S.  and  south 
pintle  line  station  100  feet  N.  are  comparable,  and  are  indicative  of  rela¬ 
tively  shallow  (18-25  fathoms)  marine  conditions.  Faunas  from  the  north 
pintle  line  area  suggest  that  similar  depths  prevailed  during  the  time  of 
deposition  of  the  marine  part  of  the  section.  In  the  early  stages,  the  water 
was  presumably  less  saline,  and  only  as  truly  marine  conditions  were 
approached  did  the  more  varied  assemblages  of  the  upper  part  of  the 
section  move  into  the  area.  The  species  from  the  lower  elevations  can 
tolerate  a  certain  amount  of  brackishness  of  the  water.  Although  they  are 
also  present  higher  in  the  section,  there  are  also  species  that  are  less 
tolerant  of  freshening  of  the  water. 

Raquette  River  pit:  The  abundance  of  Mytilus  ediilis  and  Macoma 
halthica  show  the  gravel  deposit  in  the  Raquette  River  pit  to  have  been 
formed  in  water  that  was  probably  less  than  1  fathom  deep. 

In  the  Eisenhower  lock  area,  one  bed  near  the  top  of  the  section  was 
deposited  in  water  only  a  few  feet  deep.  Mytilus  edulis  is  extremely 
abundant  in  this  bed,  and  does  not  occur  lower  in  the  section.  For  the 
rest  of  the  section,  the  depth  during  deposition  was  probably  between  20 
and  25  fathoms. 

The  assemblage  from  the  Premo  pit  west  of  Massena  is  too  small  to 
be  diagnostic. 

Frances  J .  E.  Wagner,  1956 

At  the  Richard’s  Landing  Cutoff  trench  and  at  the  Red  Mills  cofferdam 
excavation,  several  feet  of  fossiliferous  fresh-water  silts  lie  on  the  fossili- 
ferous  marine  clay.  Dr.  Horace  Richards,  Philadelphia  Academy  of 
Science,  identified  the  following  forms  from  silt  below  2  feet  of  muck 
at  the  Red  Mills  cofferdam,  collected  and  submitted  by  John  Harris. 
Valvata  tricarinata  Say 

Stagnicola  palustris  (Muller)  the  most  abundant 

Menetus  deflectus  Say 

Amnicola  limosa  Say 

Helisoma  anceps  Menke 

Goniohasis  livescens  Menke 

Fhysa  gyrina  Say 

Pliysa  sp. 

Pisidium  sp. 

All  are  living  in  the  same  general  area  today,  and  are  fresh-water  forms. 
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The  maps  show  the  distribution  of  surficial  material  lying  on  the 
bedrock.  Map  symbols  were  chosen  to  show  the  distribution  of 
materials  deemed  significant  to  agriculture,  engineering,  ground- 
water  and  structural  material  supplies  such  as  sand,  gravel  and 
clay.  Also  the  units  mapped  are  those  significant  to  the  geologic 
history  of  the  region. 

1.  Till  is  mapped  in  four  phases.  (1)  Till  in  a  sheet  showing  little 
or  no  morainal  topography;  (2)  Frontal  moraine  with  rough 
hummocky  topography,  formed  at  the  margin  of  the  glacier;  (3) 
Ground  moraine  with  broad  gentle  swell-and-swale  topography 
deposited  beneath  the  glacier  and/or  over-ridden  by  the  ice;  (4) 
Till  covered  with  a  thin  deposit  of  silt  and  clay. 

2.  Gravel  is  also  mapped  in  four  phases.  (1)  Kame  and  kame  ter¬ 
race  gravel  is  the  coarse  gravel  containing  cobbles  and  boulders 
deposited  by  meltwater  at  the  edge  of  the  ice;  (2)  Winnowed  till 
is  the  gravel  left  when  waves  of  the  lakes  or  Champlain  Sea  “win¬ 
nowed”  out  the  clay,  silt  and  fine  sand  of  the  till  to  leave  coarse 
poorly  rounded  gravel;  (3)  Beach  gravel  was  deposited  in  beaches 
by  waves  and  currents  along  shorelines  of  the  post-glacial  lakes 
or  sea;  (4)  Gravel  covered  with  thin  deposits  of  silty  clay. 

3.  Sand  is  also  mapped  in  four  phases.  (1)  Sand  in  widespread 
but  not  thick  sheets  on  the  lowlands  deposited  during  the  shoaling 
phase  of  lake  or  sea;  (2)  Sand,  pebbly,  deposited  along  the  shore¬ 
lines  of  post-glacial  lakes  and  sea;  (3)  Sand  littered  with  ice-rafted 
boulders;  (4)  Sand,  fluvial,  deposited  by  flowing  water  on  flood- 
plains  or  in  spillways. 
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Kame  gravel;  kame  and  kame  terrace 
Winnowed  till 

Beach  gravel,  includes  gravel  wash 
Gravel  covered  by  silty  clay 


4.  Clay  is  also  mapped  in  four  phases.  (1)  Clay,  usually  silty, 
deposited  in  the  lowlands  by  either  lake  or  sea;  (2)  Clay  littered 
with  ice-rafted  boulders;  (3)  Clay,  thin,  deposited  on  flat  lying  sed¬ 
imentary  bedrock;  (4)  Clay,  thin,  deposited  on  metamorphic  bedrock. 


Sand,  silty;  sea  and  lake 
Sand,  pebbly;  shore  line 
Sand,  with  boulders 
Sand,  fluvial 
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5.  Thin  discontinuous  drift  is  mapped  where  only  thin  patches  of 
boulders  or  drift  lie  on  glaciated  bedrock,  either  (1)  horizontal 
sedimentary  or  (2)  metamorphic  rock. 
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6.  Dune  sand,  alluvium  and  peat  and  muck  need  no  explanation. 
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7.  Boundary  of  Fort  Covington  drift  is  mapped  at  the  southern 
limit  of  drift  with  fabric  from  the  northwest.  South  of  this  boundary 
the  fabric  of  the  till  is  from  the  northeast.  In  this  survey  the  fill  fab¬ 
rics  v/ere  made  by  digging  stones  out  of  undisturbed  till  and  meas¬ 
uring  the  long  axes  of  the  blade-shaped  stones  which  lay  flat  in  the 
till,  i.e.  not  up  on  edge.  The  measurements  are  accurate  to  within 
±10°  which  is  good  enough  for  the  purpose  of  the  study.  Also  the 
Fort  Covington  till  has  weathered  to  a  buff  color  whereas  the  Malone 
till  has  weathered  to  a  red  brown  color.  Along  much  of  this  border, 
furthermore,  the  Fort  Covington  drift  has  frontal  moraine  topog¬ 
raphy  and  kames  and  kame  terraces.  But  elsewhere  the  boundary 
is  only  approximate  and  is  not  mapped  in  detail.  At  places  it  is 
covered  by  younger  lake  deposits,  and  is  only  inferred. 
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MAP  SYMBOLS 

The  maps  show  the  distribution  of  surficial  material  lying  on  the 
bedrock.  Map  symbols  were  chosen  to  show  the  distribution  of 
materials  deemed  significant  to  agriculture,  engineering,  ground- 
water  and  structural  material  supplies  such  as  sand,  gravel  and 
clay.  Also  the  units  mapped  are  those  significant  to  the  geologic 
history  of  the  region. 

1.  Till  is  mapped  in  four  phases.  (1)  Till  in  a  sheet  showing  little 
or  no  morainal  topography;  (2)  Frontal  moraine  with  rough 
hummocky  topography,  formed  at  the  margin  of  the  glacier;  (3) 
Ground  moraine  with  broad  gentle  swell-and-swale  topography 
deposited  beneath  the  glacier  and/or  over-ridden  by  the  ice;  (4) 
Till  covered  with  a  thin  deposit  of  silt  and  clay. 

2.  Gravel  is  also  mapped  in  four  phases.  (1)  Kame  and  kame  ter¬ 
race  gravel  is  the  coarse  gravel  containing  cobbles  and  boulders 
deposited  by  meltwater  at  the  edge  of  the  ice;  (2)  Winnowed  till 
is  the  gravel  left  when  waves  of  the  lakes  or  Champlain  Sea  “win¬ 
nowed”  out  the  clay,  silt  and  fine  sand  of  the  till  to  leave  coarse 
poorly  rounded  gravel:  (3)  Beach  gravel  was  deposited  in  beaches 
by  waves  and  currents  along  shorelines  of  the  post-glacial  lakes 
or  sea;  (4)  Gravel  covered  with  thin  deposits  of  silty  clay. 

3.  Sand  is  also  mapped  in  four  phases.  (1)  Sand  in  widespread 
but  not  thick  sheets  on  the  lowlands  deposited  during  the  shoaling 
phase  of  lake  or  sea;  (2)  Sand,  pebbly,  deposited  along  the  shore¬ 
lines  of  post-glacial  lakes  and  sea;  (3)  Sand  littered  with  ice-rafted 
boulders;  (4)  Sand,  fluvial,  deposited  by  flowing  water  on  flood- 
plains  or  in  spillways. 

4.  Clay  is  also  mapped  in  four  phases.  (1)  Clay,  usually  silty, 
deposited  in  the  lowlands  by  either  lake  or  sea;  (2)  Clay  littered 
with  ice-rafted  boulders;  (3)  Clay,  thin,  deposited  on  flat  lying  sed¬ 
imentary  bedrock;  (4)  Clay,  thin,  deposited  on  metamorphic  bedrock. 

5.  Thin  discontinuous  drift  is  mapped  where  only  thin  patches  of 
boulders  or  drift  lie  on  glaciated  bedrock,  either  (1)  horizontal 
sedimentary  or  (2)  metamorphic  rock. 

6.  Dune  sand,  alluvium  and  peat  and  muck  need  no  explanation. 

7.  Boundary  of  Fort  Covington  drift  is  mapped  at  the  southern 
limit  of  drift  with  fabric  from  the  northwest.  South  of  this  boundary 
the  fabric  of  the  till  is  from  the  northeast.  In  this  survey  the  fill  fab¬ 
rics  v/ere  made  by  digging  stones  out  of  undisturbed  till  and  meas¬ 
uring  the  long  axes  of  the  blade-shaped  stones  which  lay  flat  in  the 
till,  i.e.  not  up  on  edge.  The  measurements  are  accurate  to  within 
±  10°  which  is  good  enough  for  the  purpose  of  the  study.  Also  the 
Fort  Covington  till  has  weathered  to  a  buff  color  whereas  the  Malone 
till  has  weathered  to  a  red  brown  color.  Along  much  of  this  border, 
furthermore,  the  Fort  Covington  drift  has  frontal  moraine  topog¬ 
raphy  and  kames  and  kame  terraces.  But  elsewhere  the  boundary 
is  only  approximate  and  is  not  mapped  in  detail.  At  places  it  is 
covered  by  younger  lake  deposits,  and  is  only  inferred. 
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